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ABSTRACT 
The Gadopsidae is an mono-generic freshwater fish family of south-eastern 
Australia. The family was thought to be mono-specific, containing the River Blackfish 
Gadopsis marmoratus, until 1984 when a second species, the Two-spined Blackfish 
G. bispinosus was described (Sanger 1984). Due its relatively recent description, little 
information was available on the ecology or conservation status of G. bispinosus in NSW 
and the ACT. 
The distribution and abundance of G. bispinosus in southern NSW and the ACT was 
investigated with the species recorded at 16 of 119 sites surveyed. At most sites where they 
were recorded, G. bi.spinosus was abundant, and was invariably found in association with 
one of the trout species. G. bispinosus was found to be restricted to cool, clear upland 
streams with rocky, cobble bottoms and relatively intact forest vegetation. It was 
hypothesised that the presence of the species in the upper Murrumbidgee drainage was due 
to stream capture, in which the headwater streams from the Murray drainage have been 
captured by the Murrumbidgee drainage. 
Interpretation of historical reports of blackfish distribution in NSW indicated that G. 
bispinosus had suffered declines in some rivers with the species now apparently absent from 
the Yarrangobilly River and the Murrumbidgee, Naas, and Paddys rivers in the ACT. The 
decline is thought to have been due to habitat degradation, particularly sediment addition, 
which has reduced the cover available by filling the interstitial spaces in the cobble substrate 
favoured by G. bispinosus. The invariable association of G. bi.VJinosus with introduced 
trout species and habitats with abundant cover, suggests that trout may have played some 
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part in the current distribution of G. bispinosus by excluding them from sub-optimal 
habitats. 
The movements of G. bispinosus was found to be very restricted with a home range of 
approximately 15 metres estimated for adult fish. Recapture rates were high, particularly in 
adult fish, in comparison with other studies of freshwater fish, indicating that adult G. 
bispinosus are particularly sedentary. The home ranges of G. bispinosus were found to be 
stable from year to year with fish able to maintain their position in the stream over the high 
flow periods of winter and spring. On the basis of aquarium observations of pugnacious 
and aggressive behaviour between adult G. bispinosus, it was considered that these home 
ranges may be considered territories under the definition of (Gerking 1953) who defined a 
territory as "any defended area". 
The diet of G. bispinosus was investigated with distinct seasonal and ontogenetic 
differences apparent in the diet. Juvenile fish consumed predominantly smaller items such as 
early instar ephemeropterans and chironomid larvae with some trichopterans present in the 
diet. The proportion of trichopterans in the diet increased with increasing fish size, with the 
importance of ephemeropterans and dipterans inversely related to fish size. terrestrial items 
were not present at all in the stomachs of juvenile fish, were of minor importance to 
immature fish, but were a major dietary item of adults. Terrestrial items were most 
abundant in the diet of both immature and adult fish in summer and autumn. The diet of 
Rainbow Trout 0. mykiss was also examined, with significant dietary overlap apparent 
between 0. mykiss and G. bispinosus. As with G. bispinosus, the diet of 0. mykiss was 
dominated by ephemeropterans, trichopterans and terrestrial items. Dietary overlap was 
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greatest between similar size classes ofboth species, with some seasonal pattern evident. 
Significant overlap occurred between the non-adult G. bispinosus and juvenile 0. mykiss in 
all seasons except autumn. Overlap was greatest between mature blackfish and non-juvenile 
trout with significant dietary overlap recorded in all seasons. It was considered that the 
consistent significant overlap values indicate the dietary competition is likely between these 
two fish species. 
The reproductive ecology of G. bispinosus was found to be similar to that recorded for G. 
marmoratus by Jackson (1978a). Both blackfish species deposit large, yolky, adhesive, 
demersal eggs in late spring/early summer when water temperatures exceed 16-17 °C. 
Fecundity in G. bispinosus is low with less than 300 eggs carried by most females. The 
natural spawning site was not located but is thought to be in the interstitial spaces between 
cobble and boulders on the river bed. Artificial P.V.C. spawning tubes proved successful 
with a total of 15 egg masses deposited in them over the course of the study. The numbers 
of eggs in each egg mass were within the fecundity estimates of individual fish, and all eggs 
within a mass were at the same stage of development , indicating that a single fish is 
probably responsible for each egg mass. A large adult male was present with each egg 
mass. Eggs hatched after approximately 15-17 days, with the embryo emerging from the 
chorion but the yolk sac remaining inside, effectively tethering the young to the spawning 
substrate. Parental care by the male continued for approximately 3-4 weeks after hatching 
by which time the yolk sac was almost fully utilised and young blackfish could swim well. 
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CHAPTER 1. GENERAL INTRODUCTION 
The Australian freshwater fish fauna is often referred to as depauperate or impoverished 
with approximately 200 species described, most ofwhich are derived from marine 
ancestors. For such a large land-mass as Australia, this is a very small number of species 
with much smaller countries such as Japan (127 species (Okada 1960)) and New Guinea 
(316 species (Allen 1991 )) having freshwater fish faunas of comparable size. The relatively 
low number of Australian tl·eshwater fish species is related to this country's long isolation, 
historical climate and aridity (McDowall 1981; Allen 1989). The largest river system in 
Australia, the Murray-Darling, has only 30 or so native fish species, whereas the 
Mississippi-Missouri system has some 3 73 native species (Courtenay 1990). 
The Gadopsidae is an endemic freshwater fish family of south-eastern Australia. This 
mono-generic family is confined to freshwater habitats and is one of the few Australian fish 
families considered to be part ofthe "primary division" ofDarlington (1957) (Frankenberg 
1974; Parrish 1966; Johnson 1985; Sanger 1986). The primary division consists of "those 
families or other groups of fishes that ordinarily cannot or do not enter the sea (although 
exceptional species of some of the groups do so) and that have probably been confined to 
fresh water for so long that their present distributions are the result of dispersal through 
fresh water, even though their remote ancestors may have lived in the sea" (Darlington 
1957). 
The higher-level taxonomic relationships of the Gadopsidae are unclear with a number of 
lineages proposed. A detailed account ofthe various proposed relationships was presented 
by Ogilby (1913) and later updated by Sanger ( 1986). A blennioid relationship was first 
suggested by Richardson ( 1848) and later supported by Steindachner ( 1866), Klunzinger 
879), Stead (1906) and Jackson & Llewellyn (1980). Gunther (1862) placed 
Gadopsidae in the sub-order Gadoidei, however, Regan ( 1913) considered the family to be 
part ofthe sub-order Percoidei of the order Percomorphi, which was supported by Ogilby 
(1913) and Berg (1947). Greenwood et a/(1966) placed the Gadopsidae in the sub-order 
Percoidei of the order Perciformes, however, Scott (1962) and Scott et al. (1974) placed 
the Gadopsidae as the sole family in the order Gadopsiformes. McDowall (1981) concluded 
that the Gadopsidae has a perciform relationship, a view supported by Sanger (1986). 
Johnson ( 1985) confirmed the percoid relationship of Gadopsis but placed it in the 
Percicthyidae on the basis of several synapomorphies including enlarged sensory pores on 
the dentary, configuration of the adductor mandibulae, and scale structure. 
TAXONOMY 
Until recently there was only a single Gadopsid species described, the River Blackfish 
Gadopsis marmoratus (Richardson 1848) which was known to occur in both coastal and 
inland drainages on the mainland and coastal streams of northern Tasmania. 
On the mainland it was known in coastal streams from the Torrens River in South Australia 
to the Snowy River in eastern Victoria. In inland streams it was found throughout the 
Murray-Darling Basin in South Australia, Victoria and New South Wales and as for north 
as the Condamine River near Warwick in southern Queensland. 
2 
Parrish ( 1966) proposed (but never formally described) that the Tasmanian populations 
formed a separate species which has often been referred to in the literature as G. 
tasman;cus. However, a study by Sanger (1984) demonstrated that Tasmanian blackfish 
populations belonged to G. marmora/us. 
It had often been noted that there was a marked disparity in size between the blackfish of 
the coastal and inland drainages with the coastal individuals attaining a much larger size 
(Jackson & Llewellyn 1980; Roughley 1953; Cadwallader & Backhouse 1983; Ogilby 
1913). However, it was only relatively recently that a second species was described, the 
Two-spined Blackfish G. b;spinosus (Sanger 1984). Gadop.rds bisp;nosus can readily be 
distinguished from G. marmora/us by the presence oftwo (range 1-3) dorsal fin spines 
instead of 11 (range 6-13), and by the presence of a prominent white border on the dorsal, 
anal and caudal fins (Sanger 1984). A subsequent morphological and electrophoretic study 
by Sanger (1986) concluded that G. marmoratus was a complex of two species: a southern 
form found in Tasmania and the southern coastal streams of Victoria, and a northern form 
found in the drainages north ofthe Great Dividing Range. An examination of mitochondrial 
DNA of G. marmora/us has also supported this interpretation of two taxa within this 
species (Ovenden et al. 1988). 
EVOLUTIONARY RELA TIONSHTPS 
The evolutionary relationships of the three forms of Gadops;s are unclear with two possible 
evolutionary scenarios proposed. Sanger (1986), using meristic and electrophoretic 
measures, concluded that northern and southern G. marmoratus shared a more recent 
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ancestor than either did with G. bispinosus. However, Ovenden et al. (1988) and Waters 
(1991) reported an unresolved trifurcation based on studies using mitochondrial DNA. This 
conflicts with Sanger's ( 1986) theory that G. bispinosus was the first species derived from 
the ancestral Gadopsis. 
Sanger (1986) proposed that the ancestral Gadopsis was widespread in south-eastern 
Australia, south of the Great Dividing Range. According to this proposition the Murray-
Darling drainage was colonised via stream capture resulting in coastal and inland 
populations of Gadopsis. These two populations diverged, with the inland population now 
known as G. bi.spinosus. The isolation ofTasmania from the mainland resulted in the 
speciation of northern and southern G. marmora/us, with northern G. marmoratus 
colonising the Murray-Darling system via a second stream capture event. The competitive 
interaction between G. hi.spinosus and northern G. marmoratus in the Murray-Darling 
system resulted in G. bi.spinosus retreating to the upland streams and northern G. 
marmora/us occupying the lowland streams. Southern G. marmoratus moved across Bass 
Strait during a period of low sea level and displaced the remaining coastal populations of 
northern G. marmora/us. 
Waters (1991) proposed that ancestral Gadopsis were present on both sides ofthe Great 
Dividing Range, probably as a result of a stream capture event. A marine incursion into the 
Murray basin effectively isolated populations in the western and eastern highlands of 
Victoria. These populations speciated (through genetic drift) with the western population 
becoming northern G. marmora/us and the eastern population G. bi.spinosus. The retreat of 
the inland sea brought the two species into contact with the resultant competitive 
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interaction confining G. bispinosus to the eastern highlands whilst northern G. marmoratus 
expanded to occupy the remainder of the Murray-Darling drainage. Meanwhile the coastal 
drainage populations of Gadopsis had evolved into southern G. marmoratus and occupied 
the Bass Strait and Tasmanian regions during a period of lowered sea level. 
Which of these evolutionary scenarios is correct is unknown and further genetic work on 
Gadopsis populations collected from a broader geographical range is required to elucidate 
the phylogeny ofthe Gadopsis species complex. 
CONSERVATION STATUS 
The conservation status ofblackfish species has caused concern for almost a century. In 
1899 an article appeared in the Victorian Naturalist which stated "Large blackfish are 
undoubtedly scarce, owing to the many enemies they now have to encounter, and are only 
to be found in the upper reaches of the streams in the most infrequented portions of the 
colony. In early days of Melbourne, fish of 6 lbs to 8 lbs in weight were of common 
occurrence, but one hears ofsuch fish but seldom now" (Anon. 1899). Lewis (1917) 
considered that overfishing, along with de-snagging and clearing of riparian vegetation, 
were the main reasons for the decline ofblackfish in Victorian streams. 
Introduced fish species were also causing concern, with Davey ( 1917) stating, "It is matter 
for regret that the native blackfish is rapidly disappearing from our streams, where formerly 
it was so plentifui ..... The extinction of the blackfish in the near future seems certain owing 
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to the great mistake made in introducing to this country the common perch, Perea 
fluviatilis, which is one ofthe most voracious offishes". 
The poet, C. J. Dennis in 1937 protested about the disappearance ofblackfish as a result of 
the introduction of trout. He wrote: 
..... True no great game-fish matching, 
and yet a goodly string, 
A meal well worth the catching, 
a breakfast for a king! 
By sea or stream no fish is sought 
sweeter than blackfish freshly caught 
I plead for native fishes 
whose stocks are running out, 
For sweet and toothsome dishes, 
I loathe the taste of trout! 
Roughley (1953) noted that 11 ••• the river blackfish is far less common than formerly, and it 
has practically disappeared from many streams where in bygone days it was abundant. .. 11 • 
He commented that whilst the introduction of trout has been blamed for the rapid decline in 
blackfish numbers, the evidence for this contention had not been clearly established. 
Roughley (1953) also noted that blackfish were easily caught by anglers and had been 
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seriously overfished in most streams in Victoria, with anglers sometimes using the species as 
bait for trout. 
In South Australia the situation was much the same, with blackfish which were listed as 
"common in the Murray River and tributaries" (Waite 1923) having declined by the 1970's 
to being " ... much less abundant and is only occasionally taken ... " (Scott et al. 1974). 
Glover (1987) considered blackfish endangered in two ofthe three drainage divisions in 
South Australia with Lloyd & Walker (1986) classifying them as endangered in South 
Australia and "threatened by imminent local extinction". 
Pollard & Scott (1966) identified habitat destruction as the main cause ofblackfish decline 
and considered competition with trout to be a lesser, but contributing factor. Lake ( 1971) 
classified blackfish as one of the four most threatened freshwater fishes in Australia and also 
considered habitat degradation as a major factor in blackfish decline. Both Pollard & Scott 
(1966) and Lake ( 1971) identified siltation of rivers through poor land management 
practices and the removal of snags (woody debris) as major factors affecting blackfish. 
Jackson (1981) also identified removal of spawning sites through the de-snagging of rivers 
as a contributing factor in the decline ofblackfish. 
Given the long period of concern over their conservation status, it is somewhat surprising 
that neither species ofblackfish is currently included on any ofthe national lists of 
threatened fish species (Michaelis 1985; ANZECC 1991; Jackson eta!. 1993; Pollard eta!. 
1990; Wager & Jackson 1993). This is probably due to a number of factors including: 
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i) the uncertainty regarding the specific taxonomy ofblackfish; 
ii) the scarcity of reliable and quantitative records of historical distribution and 
abundance, and 
iii) the geographical "patchiness" of the decline across the species' range. 
G. marmoratus has been listed as endangered in South Australia (Lloyd & Walker 1986) 
and "requiring careful monitoring" (Cadwallader eta/. 1984) or "indeterminate" (Koehn & 
Morison 1990) in Victoria, "rare" in New South Wales (Klippel 1992), and has declined in 
Queensland to be listed as "potentially threatened" (Wager 1993). In a national review of 
priorities for species requiring conservation action, blackfish were listed as "vulnerable" and 
accorded equal highest priority amongst fish because of their taxonomic uniqueness 
(Kennedy & Burton 1986). 
At the commencement ofthis study, little information was available on the conservation 
status of G. b;.,pinosus due its relatively recent description and hence the lack of 
information on past distribution and abundance. Sanger (1984) considered that the species 
should not be considered rare or endangered or be atTorded any protection distinct from that 
given G. marmora/us. It was listed as "Uncertain status" by the Australian Society for Fish 
Biology in 1985 (Harris 1987) but was later removed from the threatened fishes listing. 
Since this study commenced, Koehn & Morison (1990) have classified it as "restricted" in 
Victoria and Klippel ( 1992) considered it "insufficiently known" in New South Wales. 
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ECOLOGY OF BLACKFISH 
The following review summarises the literature on blackfish ecology up to the 
commencement ofthis study. 
Butcher (1945, 1947) examined the stomach contents ofblackfish supplied by anglers in 
Victoria. The sample size was not stated, but analysis of the data indicates that the total 
sample was only 21 individuals. The collection localities were not given and so it must be 
assumed that both northern and southern G. marmoratus and possibly G. bispinosus were 
represented in the sample. Trichoptera dominated the diet numerically, comprising 66 
percent of all dietary items. Coleoptera were next in importance comprising almost 12 
percent of the diet. Butcher concluded that blackfish were competing with both Rainbow 
Trout Oncorhynchus mykiss and Brown Trout Salmo trutta for food. 
Jackson (1978a) reported on the spawning time and early larval development ofG. 
marmoratus in the McKenzie River in Victoria. Spawning took place from spring to early 
summer with eggs laid inside hollow logs. The eggs were adhesive and attached in a single 
layer to the log. The eggs were large, yolky and demersal, reaching approximately four 
millimetres in diameter. Fecundity was low with egg masses collected in the field containing 
between 21 and 246 eggs. Eggs hatched after 16 days with the large yolk sac remaining 
within the egg shell, effectively tethering the larvae to the spawning substrate. 
Approximately 19 days after hatching the larvae had absorbed enough of the yolk sac to 
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free themselves from the egg membrane and dispersed into leaf litter. There appeared to be 
parental guarding ofthe eggs by the male fish. 
Jackson (1978b) also examined the dietary interactions between G. marmora/us and Salmo 
trutta in the Aberfeldy River in Victoria. Ephemeroptera were volumetrically the most 
abundant dietary item in blackfish, followed by Trichoptera and terrestrial invertebrates. He 
concluded that the diets of the two species were essentially similar and they were competing 
for food. 
Koehn ( 1986) reported on habitat preference and movements of G. marmoratus in 
Armstrong Creek in Victoria. Using a habitat mapping technique involving multiple 
transects, he found that blackfish numbers were positively correlated with water velocities 
less than 20 em/second and accumulations of organic debris, and that blackfish were 
negatively correlated with water velocities greater than 60 em/second. Analysis of 
recaptures of tagged fish indicated that this species was sedentary with a home range of the 
order of 25 to 30 metres (Koehn 1986). 
Davies (1989) examined relationships between a suite ofhabitat variables and abundance of 
G. marmoral11s (southern form) in Tasmanian streams. He found that blackfish abundance 
was strongly correlated with the abundance of in stream cover in the form of forest debris 
and bank structure (undercuts, vegetation), distance from the sea and the abundance of 
"aufwuchs" (periphyton). Blacldish abundance was negatively correlated with the number 
ofBrown Trout greater than 200 mm length. 
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Little else has been published on the ecology ofblackfish other than general accounts in 
field guides. Dobson & Baldwin ( 1982a, b) examined the oxygen-binding properties of G. 
marmora/us blood and concluded that it reflected adaptations for maintaining adequate 
tissue oxygenation for animals at rest and during slow, sustained swimming. Blackfish used 
anaerobic energy metabolism during rapid swimming and in recovery. 
Giraud & Yeomans (1982) examined the histology of the stomach in G. marmoratus but 
found little difference to other teleost stomachs. 
RATIONALE OF TlliS STUDY 
The identification in 1988 of G. hi.\pinosus in the Cotter River catchment in the Australian 
Capital Territory (Lintermans & Rutzou 1990a) was the first record of this species outside 
Victoria and represented a significant range extension. At the commencement ofthis study 
the only published information on this species consisted of its description (Sanger 1984), 
observations on the use of artificial habitat to increase population size (Koehn 1987) and an 
investigation of the evolutionary relationships of Gadopsis .spp. using mitochondrial DNA 
(Ovenden eta!. 1988). An unpublished Ph D thesis contained additional information on the 
taxonomy of Gadopsis and some preliminary information on the reproductive ecology and 
age structure of G. hispino.ms populations (Sanger 1986). Little was published on the 
distribution of the species, other than its broad distribution in Victoria (Figure 1.1), and 
almost nothing of its ecology. 
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Figure 1.1 Known distribution of Gadopsis species prior to the commencement of the 
current study (redrawn from Ovenclen eta/. 1988). 
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AIMS OF THIS STUDY 
The middle and upper portions of the Cotter River in the ACT had recently been set aside as 
a fish conservation zone within Namadgi National Park (Anon. 1986). Consequently, to 
adequately manage for the species, information is needed on the ecology of G. bispinosus in 
this region. All previous work on G. hispinosus was based in Victoria and at considerably 
lower altitudes (<360m) compared to the upper Cotter River population (-980 m). 
It was also thought that comparison ofthe ecology of G. bispinosus with the work done by 
other researchers on G. marmora/us might provide useful insights into the general ecology 
ofthe Gadopsidae as a whole. 
Information is needed on a variety of aspects of the life history of G. bispinosus to 
adequately manage the aquatic systems in the Cotter River catchment. Also, in order to 
assess the importance ofthe ACT population in a regional context, an assessment was 
necessary of the distribution and conservation status of G. bi.spinosus in New South Wales. 
The aims ofthis study were: 
1. To assess the relative importance of the ACT population of G. bispinosus by 
surveying for the species in surrounding New South Wales waters. 
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2. To investigate the ecology of G. bis7Jinosus in the upper Cotter River in the ACT. 
Aspects to be examined were: 
(a) movement patterns ofthe species; 
(b) composition of the diet, including seasonal and size-related variation 
(c) potential interactions with Rainbow Trout Oncorhynchus mykiss, and 
(d) reproductive ecology. 
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CHAPTER2. 
INTRODUCTION 
THE DISTRIBUTION AND CONSERVATION STATUS OF 
THE TWO-SPINED BLACKFISH G. BISPINOSUS IN THE 
AUSTRALIAN CAPITAL TERRITORY AND NEW SOUTH 
WALES 
The relatively recent description of the Two-spined Blackfish Gadopsis bispinosus (Sanger 
1984) has meant that there is little published information on the distribution and abundance 
of this species. Prior to the description of G. bispinosus, the family Gadopsidae was 
monotypic, containing only the River Blackfish, G. marmoratus. Consequently, records of 
blackfish made before 1984 are unreliable as to their specific identity, as all were assumed to 
be G. marmoratus. 
Blackfish were known to occur in the Cotter River in the Australian Capital Territory 
(ACT) and were assumed to be G. marmoratus (Anon. 1986; National Capital 
Development Commission 1984). Concern had been expressed about their conservation 
status with various authors listing them as "threatened" (Anon. 1986), "endangered" 
(National Capital Development Commission 1985a 1986a, b; Hogg & Wicks 1989) and 
"rare and very threatened" (Fraser 1989). A stream survey in 1988/89 revealed that the 
blackfish in the Cotter River were G. bispinosus, the first record for the species outside 
Victoria (Lintermans & Rutzou 1990a, b), and it was this finding which prompted the 
current study. 
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Pilot study of the Cotter River, ACT. 
The initial survey ofthe Cotter River by Lintermans & Rutzou (1990b) sampled 28 sites in 
the upper part of the catchment above Corin Dam (Figure 2.1). A pilot study was 
conducted in the middle and lower Cotter catchment in which a further forty-two sites were 
sampled over the summer/autumn periods of 1989 and 1990 (Appendix 1). This survey 
confirmed the findings ofLintermans & Rutzou (1990b) that G. bispinosus was generally 
found in streams of fourth order or larger (Appendix 2), where the predominant substrate 
was boulder or cobble. Similarly Jackson & Williams (1980) found that the closely related 
River Blackfish G. marmoratus was rarely recorded in streams smaller than fourth order. 
The association of G. bispinosus with streams with abundant instream cover such as 
boulders and cobble is also in accordance with studies on G. marmoratus, where instream 
cover provided by submerged logs and organic debris have been shown to be important 
determinants ofblackfish abundance (Koehn 1986; Jackson 1978a; Davies 1989). 
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Figure 2.1 
NSW 
ACT 
Map of the ACT showing the location of the Cotter River catchment. The 
stippled area shows the middle and lower catchment where a pilot study was 
conducted. 
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METHODS 
Although the recent description of G. bispinosus meant there were no known occurrences 
of the species NSW, a review of existing knowledge on the distribution of blackfish (of 
either species) was conducted to allow prioritisation of catchments to sample. Four 
potential sources of existing information on the distribution ofblackfish were identified. 
These were: 
i) the published fisheries literature for the ACT and south-eastern NSW 
regwn; 
ii) unpublished records of fisheries researchers who had worked in the ACT 
and south-eastern NSW region; 
iii) records held by the Australian Museum in Sydney, and 
iv) recollections of anglers who had fished in the region. 
Collecting information from the first three sources was relatively easy as there had been 
little research carried out or published on the stream fauna of the region. Collecting 
information from anglers was somewhat more problematical. A questionnaire was sent to 
3 82 NSW fishing clubs, individual anglers and representatives of recreational fishing 
magazines. The questionnaire did not discriminate between the two Gadopsis species but 
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simply asked for details of where, when and how blackfish were caught (see example at 
Appendix 3). A total of 54 responses to 
no information on blackfish. Of the 
were received, 15 of which had 
..., .......... ".5 3 9 responses, 1 7 contained useful 
information on blackfish the ACT and south-eastern NSW. 
On the basis of the reviews of existing information on blackfish, and the results of the pilot 
study the Cotter River catchment, a total of 119 sites were sampled (Figure 2.2) 
(Table 2.1 ). 
Sites were sampled between November 1991 and May 1994 with most sites sampled over 
the summer/autumn period as snow cover and/or high flows usually precluded sampling 
outside these seasons. Ninety-eight sites were located in the inland drainage and 21 sites 
were in closely associated coastal drainages (Table 2.1 ). All sites were sampled by 
electrofishing, with supplementary sampling by set lines used at some of the larger river 
sites. The electrofisher used was a DC powered Smith-Root Model 12 backpack unit 
(Smith-Root Inc., USA). Electrofishing was carried out by wading upstream along a stream 
section while intermittently passing an electric field through the water column. The use of a 
backpack unit meant that electrofishing was restricted to water depths of less than 1.2 
metres. All electrofishing was carried out during daylight hours. 
All stunned fish were collected and identified to species before being released. Where 
blackfish were present, a sample was retained and lodged with the Australian Museum. At 
some of the larger river sites, small set lines baited with worms were set overnight. 
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Figure 2.2 Location of sites sampled in the survey of ACT and NSW. Solid squares 
indicate major towns and filled circles show sampling sites. 
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Table 2.1 Summary of sites sampled in NSW and ACT. Drainage indicates either 
inland (I) or coastal (C) drainage. 
SITE SITE NAME DATE ALT. DRAINAGE 
NO. SAMPLED (m) 
1 MURRUMBIDGEE RIVER AT COOMA PUMP HOLE 29/10/90 740 I 
2 GOODRADIGBEE RIVER BELOW POCKETS HUT 07/11/91 1150 I 
3 GOODRADIGBEE RIVER AT BRINDABELLA 23/11/91 625 I 
4 GOODRADIGBEE RIVER ABOVE BRINDABELLA BRIDGE 23/11/91 620 I 
5 BRAMINACK 23/11/91 630 I 
6 MOUNTAIN CK AT DOCTORS FLAT RD 16/01/92 695 I 
7 SWAMP CK OFF DOCTORS FLAT RD 16/01/92 630 I 
8 GOODRADIGBEE RIVER AT ROADS END 31/01/92 655 I 
9 EMU FLAT CK AT BARNETTS RD XING 31/01/92 990 I 
10 EMU FLAT CK AT KELLS HUT 31/01/92 575 I 
11 GOOBARRAGANDRA R. AT EMU FLAT FIRE TRAIL XING 31/01/92 575 I 
12 MICALONG CK ABOVE MICALONG SWAMP 31/01/92 960 I 
13 BOMBOWLEE CK AT BOMBOWLEE CK RD XING 31/01/92 470 I 
14 GOOBARRAGANDRA R. AT THOMAS BOYD TRACKHEAD 31/01/92 360 I 
15 TUMBARUMBA CK AT UNION JACK RD XING 01/02/92 640 I 
16 TUMBARUMBA CK AT TUMBARUMBA TENNIS COURTS 01/02/92 625 I 
17 MANNUS CK AT GLENROY HISTORIC RESERVE 01/02/92 530 I 
18 BURRA CK AT BURRA BRIDGE 01/02/92 620 I 
19 P ADDYS RIVER ABOVE P ADDYS RIVER FALLS 01/02/92 670 I 
20 OBERNE CK 5KM EAST OF WESTBROOK 01/02/92 I 
21 OBERNE CK AT JANEY HARVEY BRIDGE 01/02/92 I 
22 COTTER RIVER ABOVE COTTER HOTEL 07/02/92 470 I 
23 TIDBINBILLA RIVER AT W ALLAROO FOOTBRIDGE 17/02/92 740 I 
24 TIDBINBILLA RIVER AT P ADDYS RIVER JUNCTION 20/02/92 612 I 
25 IRON POT CK AT BERRIDALE-JINDABYNE RD XING 21/02/92 1040 c 
26 SPENCERS CK BELOW CHARLOTTES PASS 21/02/92 1730 c 
27 BETTS CK AT CHARLOTTES PASS RD XING 21/02/92 1740 c 
28 PERISHER CK OFF GUTHEGA RD 21/02/92 1600 c 
29 SNOWY RIVER AT GUTHEGA POWER STATION 21/02/92 1320 c 
30 MUNY ANG RIVER AT SCHLINKS PASS RD XING 21/02/92 1500 c 
31 DICKY COOPER CK AT BRIDGE BELOW SCHLINKS 21/02/92 1490 I 
32 GEEHI RIVER AT BRIDGE ABOVE GEEHI DAM 21/02/92 1120 I 
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Table 2.1 continued. Summary of sites sampled in NSW and ACT. 
SITE SITE NAME DATE ALT. DRAINAGE 
NO. SAMPLED (m) 
33 MIDDLE CK ABOVE WEIR BELOW GEEHI DAM 22/02/92 1150 I 
34 GEEHI RIVER AT RD XING BELOW SULLIVANS SPUR 22/02/92 940 I 
35 GEEHI RIVER AT READS FLAT 22/02/92 430 I 
36 MURRAY RIVER AT TOM GROGGIN 22/02/92 520 I 
37 LEATHER BARRELL CK AT ALPINE WAY XING 22/02/92 990 I 
38 LITTLE THREDBO RIVER AT ALPINE WAY XING 26/02/92 1140 c 
39 THREDBO RIVER AT NGARIGO CAMPGROUND 26/02/92 1210 c 
40 SWAMPY PLAINS RIVER AT ALPINE WAY XING 26/02/92 420 I 
41 BOGONG CK AT ALPINE WAY XING 26/02/92 480 I 
42 BOGONG CK AT GEEHI WALLS FIRE TRAIL XING 26/02/92 400 I 
43 BACK CK AT GEEHI WALLS FIRE TRAIL XING 26/02/92 420 I 
44 TOOMA RIVER AT KOSCIUSKO PARK BOUNDARY 27/02/92 260 I 
45 YELLOW BOG CK AT TOOMA RIVER FIRE TRAIL XING 27/02/92 210? I 
46 TOOMA RIVER AT POWERLINE RD XING 27/02/92 480 I 
47 UNNAMED CK AT TOOMA R JUNCTION-POWERLINE RD 27/02/92 480 I 
48 YELLOWBOG CK AT POWERLINE RD XING 27/02/92 640 I 
49 THREE MILE DAM AT WALL 27/02/92 1320 c 
50 EUCUMBENE RIVER AT KIANDRA XING 27/02/92 1340 c 
51 MURRUMBIDGEE RIVER AT BOLARO 27/02/92 980 I 
52 ADELONG CK AT HUME HWY XING 11/03/92 I 
53 ADELONG CK AT GRAHAMSTOWN 11/03/92 355 I 
54 ADELONG CK AT SHARPS CK RD XING 11/03/92 370 I 
55 PADDYS RIVER AT TUMBARUMBA-TINTALDRA RD 11/03/92 730 I 
56 MURRAY RIVER AT TINTALDRA BRIDGE 11/03/92 330 I 
57 MURRAY RIVER ABOVE TINTALDRA 12/03/92 350 I 
58 MANNUS CK AT TUMBARUMBA-TINTALDRA RD XING 12/03/92 360 I 
59 TUMBARUMBA CK AT RD XING AT TOOMA 12/03/92 360 I 
60 MOUNTAIN CK AT WEE JASPERRD XING 03/05/92 380 I 
61 WEE JASPER CK AT BILLY GRACE RESERVE 03/05/92 370 I 
62 MICALONG CK BELOW MICALONG CK RESERVE 03/05/92 410 I 
63 OLDY AOUK CK NEAR JUNCTION WITH BOOGONG CK 05/05/92 1125 I 
64 MURRUMBIDGEE RIVER AT Y AOUK BRIDGE 05/05/92 1070 I 
65 MURRUMBIDGEE RIVER AT STUARTFIELD FORD 05/05/92 1135 I 
66 YAOUK CK AT SHANNONS FLAT RD XING 05/05/92 1105 I 
67 PADDYS RIVER AT FORD 07/05/92 470 I 
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Table 2.1 continued. Summary of sites sampled in NSW and ACT. 
SITE SITE NAME DATE ALT. DRAINAGE 
NO. SAMPLED (m) 
68 MURRUMBIDGEE RIVER AT END OF McCARTHY RD 22/1/93 390 I 
69 MURRUMBIDGEE RIVER AT COTTER BRIDGE 11/05/92 470 I 
70 MOLONGLO RIVER ABOVE CAPTAINS FLAT 21/9/92 900 I 
71 MOLONGLO RIVER BELOW WHISKERS CREEK 15/10/92 720 I 
72 MICALONG CK AT MICALONG CK RESERVE 26/01/93 415 I 
73 WULL WYE CK AT TOP CROSSING EAST OF BERRIDALE 04/03/93 790 c 
74 WULLWYE CK AT BOTTOM CROSSING 04/03/93 760 c 
75 SNOWY RIVER BELOW DALGETTY 04/03/93 740 c 
76 McLAUGHLIN RIVER AT DALGETTY-BOMBALA RD XING 04/03/93 c 
77 WOOLSHED CK AT BOMBALA-DELEGATE RD XING 04/03/93 710 c 
78 DELEGATE RIVER AT NSW/VIC BORDER 05/03/93 800 c 
79 BENDOC RIVER AT BENDOC NORTH RD XING 05/03/93 790 c 
80 QUEENSBOROUGH RIVER AT CRAIGIE BOG RD XING 05/03/93 750 c 
81 CRAIGIE BOG CK OFF QUINBURRA RD 05/03/93 740 c 
82 CORROWONG CK AT TOP RD XING 05/03/93 740 c 
83 LITTLE PLAINS RIVER AT BOMBALA-DELEGATE RD XING 05/03/93 700 c 
84 TOWNEYS CK NORTH OF JERANGLE 11/03/93 1015 I 
85 LACHLAN RIVER AT GUNNING-CROOKWELL RD XING 12/03/93 560 I 
86 REDGROUND CK BELOW CROOKWELL WATER SUPPLY 12/03/93 850 I 
87 CROOKWELL RIVER AT IRON MINERD XING 12/03/93 840 I 
88 REDGROUNG CK AT RD XING ABOVE CROOKWELL DAM 12/03/93 860 I 
89 Y ANDYGUINULA CREEK AT BUNGENDORE RD XING 17/03/93 760 I 
90 MURRUMBIDGEE R. BELOW T ANT ANGARA 18/03/93 1200 I 
91 GULF PLAIN CK AT PEDENS HUT FIRE TRAIL XING 18/03/93 1185 I 
92 MURRUMBIDGEE RIVER AT MURRUMBIDGEE FIRE TRAIL 18/03/93 1165 I 
93 GURRANGORAMBLA CK AT MAIN RD XING 18/03/93 1270 I 
94 NUN GAR CK AT T ANT ANGARA RD XING 18/03/93 1300 I 
95 MURRUMBIDGEE RIVER AT PORT PHILLIP FIRE TRAIL 18/03/93 1305 I 
96 Y ARRANGOBILL Y RIVER BESIDE DEPOT 18/03/93 1010 I 
97 JOUNAMA CK ABOVE SNOWY MTNS HWY XING 19/03/93 390 I 
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Table 2.1 continued. Summary of sites sampled NSW and ACT. 
SITE SITE NAME DATE ALT. DRAINAGE 
NO. SAMPLED (m) 
98 MORRIS CK ABOVE SNOWY MTNS HWY XING 19/03/93 390 I 
99 JANEYS CK ABOVE SNOWY MTNS HWY XING 19/03/93 380 I 
100 LOG CK BELOW SNOWY MTNS HWY XING 19/03/93 450 I 
101 McGREGORS CK BELOW SNOWY MTNS HWY XING 19/03/93 390 I 
102 Y ARRANGOBILLY RIVER AT Y ARRANGOBILLY CAVES 19/03/93 875 I 
103 HOME FLAT CK AT ALBURY-JINGELLIC RD XING 28/03/93 ~200 I 
104 HOME FLAT CK AT WOOMARGAMA RD XING 29/3/93 I 
105 SEVEN MILE CK AT JINGELLIC RD XING 29/03/93 200 I 
106 MURRAY RIVER AT KERSHA WS ABOVE T ALMALMO 29/03/93 200 I 
107 COPPABELLA CK AT HOLBROOK-JINGELLIC RD XING 30/03/93 250 I 
108 TUMUT RIVER ABOVE O'HARES PICNIC GROUND 30/03/93 565 I 
109 OAKY CREEK AT MURRUMBIDGEE RIVER JUNCTION 25/04/93 380 I 
llO W ARROO CREEK AT LAKE BURRINJUCK 11/05/93 365 I 
111 MOLONGLO RIVER BELOW MOLONGLO GORGE 27/05/93 570 I 
112 SALT BOX CREEK AT LAKE BURRINJUCK 01/06/93 370 I 
113 ALUM CREEK BELOW GOOD HOPE 01/06/93 370 I 
114 Y ARRANGOBILLY RIVER AT RAVINE 09/04/94 560 I 
ll5 WALLACES CKATRAVINE 09/04/94 585 I 
116 YARRANGOBJLLY RIVER AT JOUNAMA CK FIRE TRAIL 10/04/94 1040 I 
117 NAAS RIVER AT FIRE TRAIL XING 05/05/94 720 I 
118 MOUNTAIN CK AT SAWYERS GULLY RD XING 31/05/94 430 I 
119 P ADDYS RIVER AT MURRA YS CORNER 15/06/94 530 I 
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Gadopsis marmoratus were identified as either northern G. marmoratus or southern G. 
marmoratus according to the characteristics identified by Sanger ( 1986) (dorsal spine 
counts and pectoral ray counts), who suggested these two forms were sufficiently different 
to warrant specific status. 
Details of stream width, depth and length of section sampled were recorded at each 
sampling site. Substrate was classified according to a modified Wentworth Scale (Welch 
1948). Surface water velocity was categorised into a six-stage classification with 1 
representing no visible flow and 6 representing fast flow. Surface water temperature was 
measured to the nearest 0.1 degrees Celsius with a digital thermometer and pH and 
conductivity were measured to the nearest 0.1 pH unit and 10 uS/em with a Coming PS 15 
and PS 17 pen meter, respectively. 
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RESULTS 
A total of 20 fish species were recorded in the survey of the ACT 
Wales (Appendix 4). 
southern New South 
There were 13 native species and seven introduced species recorded: 
Two-spined Blackfish 
Southern River Blackfish 
Northern River Blackfish 
Mountain Galaxias 
Climbing Galaxias 
Flat-headed Galaxias 
Western Carp Gudgeon 
DwarfFlat-headed Gudgeon 
Australian Smelt 
Short-finned Eel 
Macquarie Perch 
Golden Perch 
Trout Cod 
Oriental Weatherloach 
Mosquitofish 
Rainbow Trout 
Brown Trout 
Carp 
Goldfish 
Redfin Perch 
Gadopsis bispinosus, 
Gadopsis marmoratus (southern), 
Gadopsis marmoratus (northern), 
Galaxias olidus, 
Galaxias brevipinnis, 
Galaxias rostratus, 
Hypseleotris klunzingeri, 
Philypnodon sp. 1, 
Retropinna semoni, 
Anguilla australis, 
Macquaria australasica 
Macquaria ambigua, 
Maccullochella macquariensis, 
Misgurnus anguillicaudatus, 
Gambusia holbrooki, 
Oncorhynchus mykiss, 
Salmo trutta, 
Cyprinus cmpio, 
Carassius auratus, 
Perea fluviatilis 
The most commonly encountered fish species were the two trout species, S. trutta and 0. 
mykiss, which were recorded at 71 and 61 sites, respectively. The most commonly 
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encountered native fish species was G. olidus, occurring at 30 sites. bispinosus was the 
next most frequently encountered native species at 16 sites (Table 2.2). 
Table 2.2 Distribution offish species by drainage recorded in the survey ofthe ACT 
and southern NSW. 
SPECIES 
Gadopsis bispinosus 
COASTAL 
DRAINAGE 
INLAND 
DRAINAGE 
16 
TOTAL SITES 
16 
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Gadopsis bispinosus was only recorded from the inland drainages, as was G. marmoratus 
(northern). Gadopsis marmoratus (southern) was only recorded from two sites, both in the 
eastern-flowing Snowy River drainage. 
Gadopsis bispinosus was recorded in association with 11 other fish species (Table 2.3). It 
was always found in conjunction with one or both species of trout, both in the pilot study 
and the wider study of southern New South Wales. 
The sites where G. bispinosus were recorded were mostly south of the ACT (Figure 2.3). 
Mountain Creek draining into Lake Burrinjuck was the most northerly occurrence of the 
species. The streams where G. bispinosus was recorded were generally cool, clear, rocky-
bottomed and flowed through catchments predominantly forested by native vegetation. 
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Table 2.3 
SITE 
NO .. 
Sites where G. bispinosus was recorded recorded in the survey of the ACT 
and southern NSW, and other fish species recorded in conjunction with 
them. 
LOCALITY OTHER SPECIES PRESENT 
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Distribution of G. bispinosus in NSW. Solid circles indicate major towns 
and filled squares show sites where G. bispinosus was recorded. 
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DISCUSSION 
The responses provided by anglers to the questionnaire provided valuable information on 
the distribution ofblackfish which was otherwise not available. Coupled with the broad 
habitat preferences identified in the pilot study of the Cotter River, this information enabled 
much more specific targeting of sites to be sampled in the broader survey. The success of 
this targeting is reflected in the fact that G. bispinosus had the second highest recording 
frequency of the native fish species. 
Distribution 
Gadopsis bispinosus was found in a narrow band of montane and upland streams from the 
· Murray River in the south to Lake Burrinjuck in the north. The Murrumbidgee River 
appears to be the eastern extent of the species' distribution with the Tumut River forming 
the western boundary. Whilst relatively few sites were sampled north of Lake Burrinjuck, it 
is unlikely that the northern limit of G. bispinosus will be extended as little suitable habitat 
occurs. Unpublished surveys (Lintermans 1993; unpublished data) indicate that the majority 
of streams in this area are highly degraded, with siltation resulting from extensive land 
clearing and pastoral enterprises being a major problem. Gadopsis bispinosus is only 
present in NSW in a small number of streams outside the upper Murray River drainage, with 
all of these streams being in the upper section of the Murrumbidgee River drainage. 
Taking into account the results of this survey, the absence ofthe species from coastal 
drainages, the scarcity of preferred habitat and the absence of any records or specimens of 
G. bispinosus in streams north or west of the upper Murrumbidgee drainage, the predicted 
range of G. bispinosus in the ACT and NSW is shown in Figure 2.4. 
31 
YASS 
"" .. "" · .. ,_ 
\ 
{;ANI.i!::KJ<A'·, 
· ... ·~·-..... ._ 
COOMA I 
J 
I 
I 
0 10 20 30 40km 
·,.,_Jvsw 
v,~· ............. 
Figure 2.4 
Predicted distribution of G. bispinosus in the ACT and NSW. 
I 
I 
I 
I 
J 
I 
I 
I 
I 
I 
I 
32 
However, the species will not be found in all streams within this range. It is likely that G. 
bispinosus will only be found in the rivers and some of the larger tributary streams where 
suitable instream cover is abundant. Koehn (1990) reported on the distribution of G. 
bispinosus in Victoria and, as the species is considered unlikely to occur in any other State 
or Territory, the predicted total Australian distributional range is shown in Figure 2.5. 
All of the streams in the upper Murrumbidgee drainage where G. bispinosus was recorded 
have their headwaters in close proximity to each other and the headwaters of the upper 
Murray drainage. It is probable that the presence of G. bispinosus in the upper 
Murrumbidgee drainage is due to the capture by this system of headwaters from the 
adjacent Murray drainage (Waters et al. 1994). 
Stream capture is thought to be the most common means by which drainage patterns are 
altered and usually occurs in montane headwater streams (Banarescu 1990). It is the 
inhabitants of such headwater streams which most often extend their distribution via stream 
capture. Gadopsis bispinosus is an occupant of cool, montane streams and so is a likely 
candidate for transfer via stream capture. The distribution of other native fish species in the 
upper Murray/upper Murrumbidgee drainages however provides little corroboration of 
stream capture as the likely dispersal mechanism for G. bispinosus, as species such as 
Macquarie Perch Macquaria australasica and Galaxias olidus are relatively widespread in 
these drainages (Merrick & Schmida 1984; Cadwallader & Backhouse 1983; McDowall & 
Fulton 1996; Jones et al. 1990). The geographic distribution of other aquatic groups in 
these catchments (such as amphibians) could provide valuable insight into the probability of 
stream capture having occurred in this region (Banarescu 1990). 
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There are currently several investigations underway into the distribution of stream dwelling 
frogs in southern NSW and north-eastern Victoria but they are as yet incomplete or 
unreported. 
A preliminary investigation ofthe mitochondrial DNA of G. bispinosus from the Cotter 
River provides support for the concept of stream capture as the origin of the Cotter River 
blackfish population. This study has shown that there is little genetic divergence between 
this population and a population in the King River in Victoria. However, there was 
considerably more genetic divergence between the King River population and another 
Victorian population in King Parrot Creek (Figure 2.6) (Waters, Lintermans & White 
1994). 
This indicates that there has been more recent contact between the Cotter River and King 
River populations than between the two Victorian populations. The only possible 
mechanisms for recent contact between the Cotter River and King River populations are 
migration, stream capture or human transplantation. Transplantation by humans is unlikely 
as G. bispinosus is not targeted for capture by anglers. Migration of G. bispinosus between 
the tributaries of the Murray and Murrumbidgee is also unlikely as the species is extremely 
sedentary (see Chapter 3). Ovenden et al. (1988) found little evidence of migration 
between populations in the Murray drainage. If migration was the mechanism for contact 
between the Cotter and King River populations, it would be expected that populations 
which were closer geographically should also be closer genetically, which was not the case. 
It appears that the most likely explanation for the genetic similarity between the Cotter and 
King River populations is the occurrence of stream capture. 
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Figure 2.6 Location of populations of G. bispinosus examined in the genetic study by 
Waters, Lintermans & White (1994). 
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Gadopsis bispinosus was not recorded from any site in coastal drainages and was not found 
in sympatry with the other inland blackfish species, northern G. marmoratus. Koehn (1990) 
and Sanger (1984, 1986) also only recorded G. bispinosus from inland drainages, but found 
it was sympatric with northern G. marmoratus at a number of sites. In the present study G. 
bispinosus and northern G. marmoratus were found in close proximity near the town of 
Jingellic on the upper Murray River. G. bispinosus was present in the Murray River and 
northern G. marmoratus was recorded from Coppabella Creek approximately 10 km 
upstream of its confluence with the Murray. All sites where northern G. marmoratus were 
recorded were typical habitat for the species consisting of slow-flowing, silty-bottomed 
lowland streams (Sanger 1984 1986; Koehn 1990). The occupation of different upland and 
lowland habitats by closely related congeneric species is known from several other native 
fish genera in the Murray-Darling basin. Macquarie Perch Macquaria australasica prefers 
the cooler upland streams while Golden Perch M ambigua is common in the slower 
lowland reaches (Cadwallader 1979, 1981; Cadwallader & Backhouse 1983; Llewellyn 
1983). Similarly the Flat-headed Galaxias Galaxias rostratus and Murray Cod 
Maccullochella peelii occur in the lowland streams while the Mountain Galaxias G. olidus 
and Trout Cod M macquariensis prefer the upland streams (Cadwallader 1979; 
Cadwallader & Backhouse 1983; Cadwallader & Gooley 1984; Llewellyn 1983; McDowall 
1980). 
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Conservation Status 
Abundance 
Gadopsis bispinosus was common or abundant at most of the sites where it was recorded, a 
trend that has been noted by other workers (Sanger 1984, 1986; Lintermans & Rutzou 
1990b; Koehn 1990). Sanger (1984) reported G. bispinosus to be the most abundant fish 
species at sites where it occurred. However, at Tumbarumba Creek only a single individual 
was caught, probably because of the scarcity of suitable instream cover for G. bispinosus. 
Koehn (1987) demonstrated that the abundance of G. bispinosus increased in the Ovens 
River after the addition of instream cover in the form of boulders and logs, indicating that a 
lack of cover will limit abundance of this species. 
Changes in distribution 
Due to the relatively recent recognition of G. bispinosus as a separate species, there is little 
historical information to assess whether the species' distribution has changed over time. 
However, the distinct and different habitat preferences of the two inland blackfish species 
facilitates interpretation of some of the old literature records of "blackfish". The records of 
blackfish from the Snowy River system (Llewellyn 1983; Tuma c 1963; Tilzey 1969) can be 
assumed to be southern G. marmora/us as this is the only blackfish species found in coastal 
drainages. However, both Stead (in Ogilby 1913) and Whitley (1964) note that blackfish 
were reportedly introduced into the Snowy River system but the origin of these 
introductions (and hence the species involved) was not mentioned. Macleay (1885) 
commented on a specimen ofGadopsis sp. collected from the "Little River near Yass". The 
Little River is a local name for the Goobarragandra River where G. bispinosus was 
collected during the present study. Stead (1908) records the distribution ofblackfish in 
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NSW as "the upland streams of the southern highland", but does not provide precise 
localities. However, some years later (in Ogilby 1913) he lists the "Yarrangobilly River, 
Jounama Creek, Goobarragandra River, Adjungbilly Creek and other feeders of the Tumut 
River, the Tumut itself, the Upper Murrumbidgee, the Upper Snowy and its feeders ....... ". 
All of these streams with the exception of the upper Snowy and its tributaries would have 
been most likely to contain G. bispinosus. 
The anglers' questionnaire also elicited records ofblackfish from the Yarrangobilly River, 
although the records were of captures prior to the early 1960s. A total of four sites were 
surveyed in the Y arrangobilly River, but no blackfish were caught. The Yarrangobilly River 
contains ideal habitat for G. bispinosus in that it is a cool, rocky-bottomed montane stream 
with abundant cover in the form ofboulder and cobble substrate. The anglers' records of 
blackfish from this stream were almost certainly of G. bispinosus, and it appears that the 
species no longer occurs in this river. 
Similarly there were a number of anglers records ofblackfish from the Goodradigbee 
drainage, with two specimens of G. bispinosus (collected in 1931) lodged in the Australian 
Museum. Four sites on the Goodradigbee River itself were sampled, but no blackfish were 
caught. A further five sites on tributary streams were sampled with G. bispinosus recorded 
in low numbers at one site on Micalong Creek, the collection locality of the 1931 
specimens. As with the Y arrangobilly River, the Goodradigbee River contains excellent 
habitat for G. bispinosus, but the species now appears to be largely absent or present in low 
numbers only. 
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Blackfish were known to be present in the Murrumbidgee River in the ACT until the 1960's 
(Jorgensen 1983; Greenham 1981) although their specific identity was unknown 
(Lintermans 1991 a). The last reported capture of a blackfish in the Murrumbidgee in the 
ACT was in the mid 1970's (Lintermans unpubl. data). The only species now present in the 
ACT and immediate surrounds is G. bispinosus and it is reasonable to assume that this was 
the species present in the Murrumbidgee. Recently a preserved specimen of a blackfish 
captured in 1962 from the Murrumbidgee River in the ACT was located in collections of the 
Division ofBotany and Zoology at the Australian National University. This specimen has 
been identified as G. bispinosus. No blackfish were recorded at any of the nine sites 
sampled on the Murrumbidgee River during the current survey. 
Reasons for the decline of G. bispinosus in the Murrumbidgee, Goodradigbee and 
Yarrangobilly Rivers are unclear. Gadopsis bispinosus is still common in the 
Goobarragandra, lower Tooma, upper Murray, Swampy Plains, lower Geehi and Cotter 
Rivers and is considered common within its range in Victoria (Koehn 1990). 
The most often cited causes for declines in fish abundance and distribution are 
overfishing, habitat destruction or modification, and introduction of exotic species. 
Overfishing 
Overfishing was cited as one of the contributing factors in the decline ofblackfish in 
Victoria in the late 1800s (Lewis 1917; Roughley 1953) and has been shown to be 
important in the decline of other native fish species such as Trout Cod (Douglas et al. 
1994}, Macquarie Perch (Cadwallader 1978) and Murray Cod (Rowland 1989; 
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Jackson et al. 1993). Gadopsis bispinosus is unlikely to have been affected by overfishing 
as its small size means it is generally not sought by anglers. The results of the anglers 
questionnaire indicated that the great majority of captures ofblackfish in NSW were 
accidental. 
Habitat destruction or modification. 
Alteration or destruction of fish habitat is widely regarded as one of the most important 
causes of native fish declines in Australia (Cadwallader 1978; Koehn & O'Connor 1990a,b; 
Lintermans 1991a; Hancock 1993) and overseas (Moberly 1993; Maitland 1987). Habitat 
modifications occur in many forms, but the major classes are:-
barriers to fish passage, 
reduction in floodplain habitat, 
alteration to flow regimes below impoundments, 
reduction of instream habitat, and 
reduction in water quality (Lawrence 1991). 
Blackfish are not a migratory species (see Chapter 3, Koehn 1986)and barriers to movement 
are unlikely to have played a major role in the decline of G. bispinosus. Similarly, loss of 
floodplain habitat is unlikely to have been a contributing factor as G. bispinosus is an 
inhabitant ofupland streams where floodplains are mostly absent or have little importance 
as fish habitat. 
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Alterations to flow regimes in conjunction with reductions of instrearn habitat and water 
quality may be implicated in the demise of the Murrumbidgee River populations of G. 
bispinosus. General land degradation from overclearing and inappropriate land 
management, rabbit plagues in the 1920's, a proliferation of extractive industries and urban 
development within the upper Murrumbidgee catchment has undoubtedly contributed to 
general siltation of the Murrumbidgee River. The construction ofTantangara Darn 
probably also contributed substantial amounts of sediment to the river. Deposited sediment 
from the construction of the Thompson Darn in Victoria was shown to have filled the 
interstitial space between stones to a depth of at least 60 ern (Davey et al. 1987). These 
interstitial spaces appear to be extremely important to G. bispinosus, both as cover and 
possible spawning sites. Addition of sediment to rivers is particularly detrimental to fish 
which lay adhesive eggs on the substrate (Cadwallader 1978), as G. bispinosus does (see 
Chapter 5), as the sediment smothers the eggs. Butcher (1945) considered that changes in 
environmental conditions following deforestation and erosion have played a significant part 
in the decline ofblackfish in Victoria. Forestry activities such as timber harvesting and 
production have been shown to substantially increase sediment input to streams both in 
Australia and overseas (see reviews by Campbell & Doeg 1989; Doeg & Koehn 1990a, b; 
Ryan 1991). The major source ofincreased sediment accession to streams during and 
following logging appears to be from access roads, snig tracks and stream crossings 
(Campbell & Doeg 1989). The effects of sediment addition on populations ofthe River 
Blackfish G. marmoratus were graphically documented by Doeg & Koehn (1994) who 
reported a 93 % reduction in population density immediately below the site of sediment 
addition. Blackfish density was reduced by 81 % and 59 % at distances 2.1 krn and 2. 7 krn, 
respectively downstream of the siltation site. They recorded reductions in blackfish 
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numbers for all age classes but noted that greater reductions were apparent in the younger 
age classes. Blyth & Jackson (1985) postulated that sedimentation would affect G. 
marmoratus by both burying suitable spawning sites as well as smothering eggs and larvae 
which remain immobile at the spawning site for some 19 days after hatching (Jackson 
1978a). Gadopsis bispinosus has a very similar breeding strategy, laying demersal adhesive 
eggs with the larvae similarly tethered to the egg membrane for some weeks (see Chapter 
5), and so is likely to be similarly adversely affected by sedimentation. 
Increased sedimentation is known to severely impact benthic macroinvertebrate 
communities (Doeg & Koehn 1990a, b) which form the majority ofthe dietary items of G. 
bispinosus (see Chapter 4). Richardson (1985), in southern NSW recorded changes in 
benthic invertebrate communities downstream of logging operations for at least nine months 
after associated increases in siltation caused by poor roading and causeway construction~ 
Sedimentation and the associated increase in turbidity are likely to affect visual feeders like 
blackfish even more severely, as both the abundance and diversity of prey items are reduced, 
as well as reducing feeding success because oflowered water clarity. 
The construction of Tantangara Dam on the upper Murrumbidgee River in 1960 has 
reduced the frequency ofwinter flooding and increased the occurrence of low flows (<1000 
megalitres/day) in winter (Jorgensen 1983). This has possibly led to the continued 
accumulation of sediments in the river as there are now fewer and smaller high flow events 
which previously would have scoured finer sediments from the river bed. 
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Effects of introduced species 
The establishment of introduced fish species is often cited as a cause of native fish declines 
in Australia, although much of the evidence is anecdotal. This is because the majority of 
introduced species became established in the mid to late 1800s when the distribution and 
abundance of native fish were poorly known or documented. However, there is convincing 
evidence of the Galaxiidae being adversely affected by the presence ofboth Brown Trout 
and Rainbow Trout (Tilzey 1976; Frankenberg 1966; Fletcher 1979; Cadwallader 1979; 
Cadwallader & Backhouse 1983; Jackson 1981; Jackson & Williams 1980; Lintermans & 
Rutzou 1990b) The main interactions between trout and native species are thought to be 
predation and competition for feeding, spawning or territorial requirements. The invariable 
association of G. bispinosus with introduced trout species and habitats with abundant cover, 
suggests that trout may have played some part in the current distribution of G. bispinosus 
by excluding them from sub-optimal habitats. The potential impacts of introduced species 
are discussed more fully in Chapter 6. 
Fragmentation of populations 
In NSW and the ACT, G. bispinosus now exists as a series of five disjunct populations in 
isolated drainages. These are: 
i) The upper Murray/Tooma/Geehi/Swampy Plains catchment, 
ii) The Tumut/Goobarragandra catchment, 
iii) The Goodradigbee catchment, 
iv) Mountain Creek, and 
v) The Cotter catchment. 
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The largest of the populations is in the upper Murray catchment above Albury, which is also 
connected to populations in the lower Mitta Mitta River in Victoria (Koehn 1990). The 
other four populations are in the Murrumbidgee drainage with the Goodradigbee, Mountain 
Creek and Cotter River populations probably connected until the mid 1960s. The local 
extinction of the species from the Murrumbidgee River in the Canberra region has now 
effectively isolated the populations of G. bispinosus in these three catchments. 
It is unlikely that the Tumut/Goobarragandra River population was ever connected to the 
other Murrumbidgee populations in that the Murrumbidgee River has little suitable habitat 
for G. bispinosus between the junction of the Tumut River and the Canberra region. 
Species with small or fragmented geographic ranges are more susceptible to stochastic 
environmental or demographic processes and so have a higher probability of decline or 
extinction than do widespread species (MacArthur & Wilson 1967; Terborgh & Winter 
1980; Leigh 1975; Gilpin 1987). The linear nature offreshwater environments and 
consequent large edge:volume ratio can also increase the susceptibility of riverine fauna to 
environmental stochasticity. Disjunct populations often exhibit discontinuous genetic 
structures which are important in delineating stock structure. Recent genetic work on a 
number ofMurray-Darling fish species has shown that distinct genetic stocks exist within 
the one species (Musyl & Keenan 1992). Golden Perch Macquaria ambigua, which was 
previously considered a single, highly mobile stock in the Murray-Darling basin (Reynolds 
1976b, 1983), has now been shown to contain a number of distinct populations (Musyl & 
Keenan 1992) and this affects recreational fisheries management. The identification of 
stock structure has important implications for conservation management as the conservation 
of genetic diversity is now an integral part of conservation strategies (ANZECC 1996). 
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There have been no comparative genetic studies on the G. bispinosus populations in the 
Canberra region and the level of genetic divergence among these populations is unknown. 
However, a relatively high level of genetic divergence has been shown for isolated Victorian 
populations of G. bispinosus (Waters 1991). Gadopsis bispinosus is not a migratory 
species (see Chapter 3) and has low fecundity (see Chapter 5) and so the level of gene flow 
between the Cotter, Mountain Creek and Goodradigbee sub-populations was probably low 
even before they became isolated from each other. Investigations of the genetic structure of 
G. bispinosus populations in the ACT, Victoria and NSW is recommended. 
Protection status 
Gadopsis bispinosus is not listed as a nationally threatened species (Jackson eta!. 1993; 
Pollard eta!. 1990; Wager & Jackson 1993; ANZECC 1991) but is categorised as 
"restricted" in Victoria (Koehn & Morison 1990) and "insufficiently known" in NSW 
(Klippel1992). 
Gadopsis bispinosus is protected in the upper Cotter River system ofNamadgi National 
Park in the ACT (Anon. 1986), and has recently been declared as "vulnerable" in the ACT. 
This declaration was prompted by the current study which demonstrated the restricted 
distribution of the species in the Canberra region and the apparent decline in the 
Murrumbidgee, and Yarrangobilly Rivers (Lintermans 1995). 
Gadopsis bispinosus satisfies the criteria for "rarity" ofRabinowitz et al. (1986) in that it 
has a restricted distribution and is a habitat specialist. The species is relatively secure within 
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the upper and middle Cotter River catchment ofNamadgi National Park as long as the 
present land use continues (i.e. national park and domestic water supply catchment, fishing 
prohibited). The populations in the upper Murray and Tumut catchments also appear 
largely secure, although the introduction/translocation of fish species through the Snowy 
Mountains Scheme may be cause for concern. The Broad-finned Galaxias Galaxias 
brevipinnis has already been transferred from the coastal to the upper Murray drainage via 
water transfer from coastal to inland drainages (Morison & Anderson 1991; Lintermans 
unpubl. data), and Oriental Weatherloach from Lake Eucumbene may also be transferred in 
this way. The potential impacts of these species on G. bispinosus are unknown. 
The apparent decline of G. bispinosus in the Canberra region and the Y arrangobilly River 
are cause for concern and may warrant the reappraisal of the species omission from the 
Australia Society for Fish Biology's (ASFB) threatened species listing (Harris 1987). 
Whilst the species clearly does not fit into the Endangered, Vulnerable or Potentially 
Threatened categories at the national level, it would be eligible for the Restricted category. 
This category includes "taxa which are not presently in danger but which occur in restricted 
areas, or which have suffered a long term reduction in distribution and/or abundance and are 
now uncommon". 
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CHAPTER3. 
INTRODUCTION 
THE HOME RANGE OF THE TWO-SPINED BLACKFISH 
GADOPSIS BISPINOSUS IN THE COTTER RIVER, 
AUSTRALIAN CAPITAL TERRITORY. 
The concept ofhome range in stream fishes was first discussed by Gerking (1950, 1953, 
1959) who noted that fish in small streams in North America lived in a relatively restricted 
area. Little is known ofthe home ranges of native stream fishes in Australia. Some 
information is available on the migratory movements of angling species such as Golden 
PerchMacquaria ambigua (Reynolds 1976a, 1976b, 1983; Llewellyn 1968), Murray Cod 
Maccullochella peelii peelii (Reynolds 1983; Llewellyn 1968; Anon. 1971, 1973; Koehn 
1997), Eel-tailed Catfish Tandanus tandanus, Silver Perch Bidyanus bidyanus and Carp 
Cyprinus carpio (Reynolds 1983). There are few studies on the movements of small 
Australian fish species, with information available only for Mountain Galaxias Galaxias 
olidus (Berra 1973; ACT Parks and Conservation Service unpubl. data) and River Blackfish 
Gadopsis marmoratus (Koehn 1986). 
Information on the movements of fish species is important for fisheries management. There 
is increasing concern in Australia about the long term effects of river fragmentation on fish 
species. Obvious causes of river fragmentation include the construction of dams and weirs 
which may obstruct migration or movement between feeding and spawning habitats. Less 
obvious barriers include levees, piped road crossings and fords which may limit local 
movements between pools or stream sections. It is also difficult to predict the local impacts 
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of environmental disturbances without knowledge of the home range of fish species within 
the affected area. 
Movement in freshwater fish has been studied utilising a variety of techniques including 
mark-recapture studies (Newell1957; Heggenes et al. 1991; Greenberg & Holtzman 1987; 
Gatz & Adams 1994; Hoxmeier & DeVries 1997), radio-telemetry (Winter 1983; Koehn 
1997;Isaak & Bjornn 1996; Peake & McKinley 1997), and underwater observation 
(Helfman 1983, 1986; Greenberg & Holtzman 1987; Hill & Grossman 1987a). A number of 
marking techniques have been used in mark-recapture studies including fin-clipping (Berra 
1973; Gunning 1963; McLeave 1964; Moore et al. 1985), tattooing ofbody or fins 
(Cadwallader 1976; Hill & Grossman 1987a, 1987b; Brown & Downhower 1982; Freeman 
1995) and tagging (McLeave 1964; Koehn 1986; Reynolds 1983; Llewellyn 1968; Jackson 
1980; Hill & Grossman 1987a; Scarnecchia et al. 1997). 
In the ACT, the Cotter River above Bendora dam in Namadgi National Park is managed as 
a fish conservation zone, with blackfish one of the species targeted for special attention 
(Anon. 1986). However, prior to the current study, there was no published information on 
the home range or movements of G. bispinosus. This study was initiated to provide 
information on the home range of G. bispinosus, and to examine whether this home range 
was stable between years. 
METHODS 
The study was carried out in the upper Cotter River catchment in the Australian Capital 
Territory (ACT) from November 1990 to December 1991 (Figure 3.1). 
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Figure 3.1 Location of the upper Cotter River catchment. 
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The upper Cotter catchment (area 14,800 ha.) is drained by the Cotter River which 
originates in the granitic Scabby Range at an altitude of 1760 m and flows north along the 
Cotter Fault through granite and Ordovician sediments before entering Corin Reservoir at 
an altitude of958 m. Mean annual discharge for the Cotter River above Corin Reservoir is 
46.9 gigalitres (1963-1987) with maximum discharges occurring from August to September 
and minimum discharge in February/March (Figure 3.2). 
Mean annual rainfall at Cotter Hut is 945 mm (1932-1987) with maximum rainfall occurring 
from August to October (Figure 3.3). The waters ofthe study area are clear, slightly 
alkaline and of low conductivity. 
The primary use of the upper Cotter catchment since 1912 has been as Canberra's domestic 
water supply. Much of the upper Cotter catchment is covered with native forest with the 
ridgetop vegetation consisting mainly of sub-alpine woodland dominated by Eucalyptus 
pauciflora. Montane and sub-alpine heaths and grasslands, herb fields, sphagnum bogs, 
fens and swamps are also found. The valley floor is covered mainly by montane savannah 
woodland (E. stellulata/E. pauciflora/E. rubida) (National Capital Development 
Commission 1984; Helman et al. 1988). Some land clearing was undertaken for early 
grazing leases in the 1830's but there has been virtually no stock grazing in the upper 
catchment since its acquisition by the Commonwealth Government. 
The study site was a section ofthe Cotter River at Cotter Flats at an altitude of 1030 m. 
The stream at this site is shallowly incised with bank heights ranging up to one metre. The 
study site is treeless with the predominant vegetation being snowgrass, Poa labillardieri. 
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The river banks have patches of overhanging shrubs containing Hakea microcarpa, Baeckea 
uti/is, Grevillea alpina, Acacia siculiformis, and Leptospermum lanigerum. The stream 
varies in width from 5 to 1 0 m with stream depths between 5 and 90 em. The predominant 
river substrate at the study site is cobble with scattered boulder, sand, and rock bars. 
The study site was a stretch of river containing six discrete sections of either pool, run, 
cascade or riflle habitat (Figure 3.4). To investigate whether the home range offish was 
influenced by the boundary between habitat types, one of the pool habitats was arbitrarily 
divided in two to give a total of seven sections for the purposes of this study. If habitat 
boundaries restrict movement, then fish from the long pool arbitrarily divided in two should 
have larger home ranges than those fish from shorter pools. Stream sections varied in 
length from 14m to 32m (Figure 3.4). The length ofthe entire study site was marked with 
a series of reference pegs at two-metre intervals along the bank. 
Each section was electrofished separately, commencing with the most downstream section. 
Prior to electrofishing, stop-nets were placed at the upstream and downstream limits of the 
section to be sampled, taking care to minimise disturbance to fish. Electrofishing was 
conducted with a bank-mounted Smith-Root electrofisher using alternating current. The 
use of alternating current eliminated the problems of galvanotaxis and so allowed precise 
positions offish to be determined. Output voltage and pulse settings were set to maximise 
efficiency and catch rates. Electrofishing involved two people slowly wading in an 
upstream direction whilst intermittently applying an electric field to the water. 
53 
Figure 3.4 
Section 7 
Riffie 
(24m) 
Section 6 
Pool 
(26 Ill) 
SectionS 
Riffie 
(14m) 
Section 4 
Pool 
(20 Ill) 
Section 3 
Pool 
(32m) 
Section 2 
Cascade 
(18m) 
Section 1 
Run 
(18 01) 
How 
J 
Diagrammatic representation of the study site on the upper Cotter River 
showing the section numbers, length and habitat type 
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All fish captured were anaesthetised with tricaine methanesulfonate (MS222), weighed to 
0.1 g, measured (total length) to the nearest millimetre, and had their position in the stream 
section recorded. 
All blackfish were given a batch mark by fin-clipping, with each stream section having its 
own individual batch mark. Blackfish greater than 120 mm total length were also tagged 
with a small, (2 x 5 mm) numbered oval plastic disc (Fingerling Tag, Floy Tag 
Manufacturing Inc.) on a length of stretchable plastic thread. The thread with the tag was 
inserted through the musculature of the upper back, immediately anterior of the insertion 
point ofthe dorsal fin, and then tied in a loose loop. Aquarium trials of the fin-clipping and 
tagging procedures indicated that fish recovered well from the anaesthesia and appeared to 
suffer no ill effects or change in locomotary ability from the procedures. Each month any 
previously unmarked fish were tagged and/or fin-clipped whilst recaptures were simply 
weighed and measured. Fish were allowed to recover in aerated plastic drums and were 
then returned to the stream at their point of capture. 
Some previously tagged fish had to be retagged after losing the initial tag. These fish could 
be recognised by the small scar in the dorsal surface where the original tag had been 
inserted. Often the original tag number could be deduced by examining lengths, weights or 
distinguishing marks on the fish. However, some retagged fish could not be associated with 
their previous tag number, and so movements of individual fish may be recorded under more 
than one tag number. 
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Tagged fish which were found on the downstream stop-net, or for which a capture position 
could not be accurately determined, were recorded as present in the stream section and 
allocated a capture position of the mid-point of the section. 
Sampling of all sections usually took two days in total, with an overnight stop net placed at 
the upstream end of the first days sampling. Sampling was carried out monthly from 
November 1990 to May 1991 inclusive, and in November and December 1991. Rainfall 
from November 1990 to May 1991 was below average except for October and January 
which were slightly higher than the long-term average (Figure 3.3). Sampling in November 
and December 1991 was to investigate whether blackfish retained their position in the 
stream over the previous winter/spring high flows. Rainfall in the winter of 1991 was 
substantially higher than the long-term average (Figure 3 .3). Sampling outside the 
November to May period was impractical due to high river flows. 
Movement data from fin-clipping was analysed using one-group Chi-squared to test for 
deviation from random movement. Recaptured fish were then subdivided into three size 
classes, with the movements of each size class revealed by fin clipping also analysed by Chi-
square. The three size classes were:-
0 - 80 mm total length 
81 - 120 mm total length 
greater than 120 mm total length. 
These size categories were chosen after analysing the length frequency of captured fish and 
represent young-of-the-year, yearlings and adultsrespectively (Appendix 5). The definition 
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ofhome range used in this study is as defined by Gerking (1953) i.e. "the area over which 
the animal normally travels". 
The movement range of individual fish was determined by calculating the maximum distance 
moved as revealed by the monthly capture positions. 
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RESULTS 
Recapture rates 
A total of881 captures ofblackfish were recorded over the nine sampling months, with an 
average monthly recapture rate of 50 percent (Table 3.1 ). The recapture rate in December 
1990 was low compared to other months, possibly as a result of teething problems with the 
survey technique. The lower recapture rates in February and March were the result of the 
appearance of new recruits to the blackfish population. These fish were not fin-clipped until 
March to minimise the stress on these very small fish. Generally the overall recapture rate 
was approximately 60 percent. 
Recapture rate was analysed using a repeated measures test according to the three size 
classes offish (young-of-the-year, yearlings, and adults). There was no significant effect 
due to month (ANOVA,[arcsine transformed data] F7,14 = 1.49, ns) with significantly higher 
recapture rates recorded amongst adult fish (ANOVA,[arcsine transformed data] F2,I4 = 7.0, 
p < 0.01) (Table 3.2). This is probably due to the higher mortality rate and dispersal 
expected in the younger fish but also suggests that fish may become more sedentary as they 
get older. The lowest recapture rates were for young-of-the-year fish which can be partly 
attributed to the difficulty in sighting young-of-the-year blackfish while electrofishing, 
consequently more fish in this size class are missed whilst sampling. The recapture rates in 
this size class are also artificially lower in the months ofF ebruary and March due to the new 
recruits not being fin-clipped until March. The lower recapture rates in the young-of-the-
year were not due to difficulty in detecting finclips. 
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Table 3.1 Monthly total numbers ofblackfish caught and percentage of recaptures in 
that month in the home range study. 
No. offish 
caught 
No. of 
recaptures 
Percentage 
Recaptures 
November 1990 58 
Table 3.2 Monthly percentage recaptures for each size class of fish in the home range 
study. 
Young-of-year 
(< 80 mm TL) 
Yearlings 
(81- 120 mm TL) 
Adults 
(> 121 mm TL) 
December 1990 15.4 20.0 20.0 
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Movement information from fin-clipping 
Seventy-three percent ofblackfish recaptures occurred in the stream section in which they 
were originally marked. A further 19 percent were recaptured from the stream sections 
immediately adjacent to the original marking section (Table 3.3). Given that the section 
boundaries were arbitrarily chosen based on a change in habitat type, and may have fallen 
within the home range of any individual fish, it is apparent that 92 percent of blackfish 
moved one section or less during the course of this study. 
Analysis of recapture data for the three size classes revealed the same patterns as found in 
fish of all size classes combined (Figure 3.5). The complete data set is shown in Appendix 
6. Chi-squared analysis showed no significant difference from random movement in any of 
the size classes in any of the months, ie there was no "directionality" to the movement in 
any of the size clases. The percentage of fish recaptured within one section of their original 
capture site was 95.7, 92.1, and 89.5 for young-of-the-year, yearlings, and adults 
respectively. 
Table 3.3 Number and position of recaptured blackfish relative to their position of 
original capture and marking. (Example: In December 1990 a total of 12 fish were 
recaptured with 8 fish recaptured in the same stream section in which they were initially 
captured and marked. 1 fish was recaptured 1 section downstream of where it was 
initially captured and marked, 2 fish were recaptured 2 sections upstream and 1 fish was 
recaptured 3 sections upstream of where they were initially captured and marked. 
NUMBER OF SECTIONS 
DOWNSTREAM 
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Figure 3.5 Number and position of recaptured blackfish in 3 size classes 
relative to their position of original capture and marking. 
Section 0 refers to site of original capture. 
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Direction of movement was not significantly different from random movement in any of the 
sampling months (Table 3.4) and all but one ofthe stream sections (Table 3.5). The 
movement in section 2 was significantly non-random with three times more downstream 
than upstream movements recorded. The significance of this result is questionable for two 
reasons. Firstly the frequency of upstream movements was less than five, so a Chi- squared 
analysis is not valid. Secondly a closer examination of the data revealed that four of the 
downstream movements were of a single fish which had initially been tagged in section 7 in 
December 1990. This fish was then subsequently recaptured in section 2 in January 1991 
and remained in this section in February, March, and April of 1991. It appears that either 
this fish had established a new home range in section 2 after December 1990, or that the 
initial capture in section 7 was whilst this fish was outside its normal home range. If this 
fish is excluded from the analysis then there is no significant directional movement in any of 
the stream sections. 
Table 3.4 Number of recaptures downstream and upstream of the marking section in 
each sampling month (all sections combined). 
Downstream Upstream Chi-squared Significance 
December 1990 1 3 * 
*Not analysed because oflow cell frequencies 
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Sections 1 and 7 were excluded from the analysis in Table 3.5 as detectable movement was 
only possible in a single direction in these sections. Section 5 was not analysed statistically 
because ofthe low cell frequencies. 
Table 3.5 Number of recaptures downstream and upstream ofthe marking section in 
each stream section (all months combined). 
Downstream Upstream Chi-squared Significance 
Section 2 13 4 4.76 .05 
*Not analysed because of low cell frequencies 
Analysis of recapture data from sections 3 and 4 (comprising a long pool arbitrarily divided) 
showed the same pattern of restricted movement as other stream sections. If the restricted 
movement of Two-spined Blackfish was a result of some physical or mechanical barrier 
formed by the change of habitat type (pool, riflle, run etc.), it would be expected that there 
would have been increased movement in sections 3 and 4 where no such barrier exists. The 
lack of increased movement in these two sections suggets that the restricted movement of 
Two-spined Blackfish is a behavioural rather than a physical or mechanical phenomenon. 
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Analysis of tagged fish recaptures 
Between November 1990 and May 1991 a total of66 tagged individuals were recaptured 
once or more to enable home range to be estimated. Seven individuals were captured five 
times over the seven month study period (Figure 3. 6), with most individuals caught two or 
three times. 
This tendency towards lower recapture numbers was expected as fish tagged later in the 
study have limited opportunities for recapture. 
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Figure 3.6 Number of recaptures of individual tagged blackfish. 
Twenty-two of the 66 fish had moved less than five metres whilst a further 19 fish ranged 
less than 10 metres (Figure 3.7). 
The mean home range for the 66 fish was 17.3 metres. Four of the 66 fish moved more 
than 100 metres over the study period (Figure 3. 7). 
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Figure 3.7 Distance moved by individual blackfish between November 1990 and May 
1991. 
Most authors have calculated home range as the distance moved by the majority (usually 
about 75% or higher) of recaptured fish. Therefore the home range of Two-spined 
Blackfish in this study is approximately 15 m as 77 % of fish moved this distance or less. 
Fish length did not significantly influence home range of tagged adult blackfish (ANOV A, 
F2,60 = .0008, p >0.9)(Table 3.6) with the mean home range remaining at approximately 
17 m. The small number of tagged fish which moved relatively large distances possibly 
represent individuals which have adopted a new territory during the course of the study. 
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Table 3.6. Mean home range of tagged blackfish in three size groups. 
Fish size Mean home Standard No. offish 
range (m) Deviation 
< 151 mm 17.2 31.73 22 
Effects of high winter flows on home range 
The recapture data from fin clipped fish in November and December 1991 show that 
blackfish maintained their position within the stream after the high flows of winter and 
spring, with 91.1 % of recaptures recorded within one section of where they were originally 
marked (Table 3.7). 
A total of 14 adult fish which had been previously tagged between November 1990 and 
May 1991 were captured in the November and December 1991 sampling runs. The 
majority of these fish remained within their previously determined home range. However, 
some fish appear to have changed their territory over the course of the study. For example 
from January to March 1991 fish #88 was located in a pool around peg 40, but in 
November and December 1991 after high winter flows, this fish had moved 70 m 
downstream to another pool. This movement was probably related to the deposition of 
substantial amounts of sand in the upstream pool which dramatically reduced available 
cover. 
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Table 3.7 
7 
Nov-91 0 
Dec-91 0 
TOTAL 0 
Number and positions ofblackfish (as determined by finclipping) recaptured 
after high winter flows. 
NUMBER OF SECTIONS MARKING NUMBER OF SECTIONS 
DOWNSTREAM SECTION UPSTREAM 
6 5 4 3 2 1 0 1 2 3 4 5 6 7 TOTAL 
0 0 0 0 3 6 32 3 0 0 0 0 0 0 44 
1 0 0 0 1 4 30 7 1 2 0 0 0 0 46 
1 0 0 0 4 10 62 10 1 2 0 0 0 0 90 
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DISCUSSION 
Both the finclipping and tagging results clearly show that G. bispinosus moved very little 
during the course of this study. This tendency for fish to occupy restricted areas for a 
substantial portion of their life has been demonstrated for a number of other small, riverine, 
freshwater species. Gerking (1953) in a three-year study offish assemblages in two streams 
in Indiana, USA found that in Longear Sunfish Lepomis mega/otis, Green Sunfish L. 
cyanellus, and Rock Bass Ambloplites rupestris, the majority of fish remained within 30 -
61 m of their original capture location. Four other species, Smallmouth Bass Micropterus 
dolomieu, Spotted Bass M punctulatus, Golden Redhorse Moxostoma erythrurum and Hog 
Sucker Hypentelium nigricans had home ranges of approximately 92 - 122 m. At least five 
of these species maintained these restricted home ranges over the three years of the study. 
Gunning (1963), while studying small streams in Louisiana, also found that Longear Sunfish 
had a restricted home range of 22 m or less, and that Bluegill Lepomis macrochirus and 
Blacktail Redhorse Moxostoma poecilurum had home ranges of 3 8 and 31 m respectively. 
Freeman (1995) reported that movements oftwo small fish species in a large coastal stream 
were generally less than 33m, with most fish being recaptured within one stream section of 
where they were originally captured. 
More recent studies have found that Banded Sculpin Cottus carolinae had a home range of 
only 6 m (Greenberg & Holtzman 1987), while Longnose Dace Rhinicthys cataractae and 
Rosyside Dace Clinostomusfunduloides have home ranges ofbetween 10 and 20m (Hill & 
Grossman 1987a). The movements ofMottled Sculpin Cottus bairdi have been studied by 
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a number of authors, with results varying between a mean movement of 1.2 m over one 
month (Brown & Downhower 1982) to home range estimates ofless than 50 mover 
periods of eight months to one year (McLeave 1964; Bailey 1952). Hill & Grossman 
(1987a) concluded this species has a home range ofbetween 10 and 20m. 
There are few published studies on home range in freshwater fish for Australia and New 
Zealand. Cadwallader (1976) found that in the Glentui River in New Zealand, 87% of 
recaptures of the Common River Galaxias Galaxias vulgaris were taken in the river section 
of marking or within 100 m of it. There were never less than 50 % recaptures in the section 
of marking or immediately adjacent sections. Berra (1973) found that the closely related 
Mountain Galaxias G. olidus (formerly G. bongbong) occupied a home range of 13 - 26 m 
of a small stream in eastern Australia. Koehn ( 1986) reported that the River Blackfish 
Gadopsis marmoratus occupied a home range of25- 30m in Armstrong Creek in Victoria, 
and Jackson (1980) found that 86% ofBrown Trout Salmo trutta moved 60 m or less in 
the Aberfeldy River in Victoria. 
Recapture rate 
The average recapture rate of 50 % for Two-spined Blackfish is higher than obtained in 
most other studies of small, riverine, freshwater fish (Table 3.8). The 46% recapture rate 
of Gunning (1963) was obtained over very short period (two weeks) and so is not really 
comparable with the other longer term studies. The high proportion of recaptures in the 
present study reinforces the conclusion that Two-spined Blackfish is a sedentary species. 
The steadily increasing proportion of recaptures in the present study indicates that there was 
69 
no increased mortality from electrofishing and handling, which contrasts with McLeave 
(1964) who found that recapture rates declined steadily with time. 
Table 3.8 Average proportion of recaptures reported in other home range studies of 
small, freshwater, stream-dwelling fish species. 
Species Recapture Rate (%) Author 
Cottus bairdi 28 Bailey 1952 
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''Home" fish and "stray" fish 
The concepts of "home" fish (fish that stay close to the stream section where they were 
originally captured) and "stray" fish (fish that move away from the stream section where 
they were originally captured) were first put forward by Gerking (1953). These "stray" fish 
are important to the long term survival of the population as it is these individuals which will 
be responsible for recolonising streams after catastrophes or environmental disturbances. 
The lower recapture rates of young-of-the-year and immature blackfish, as well as 
indicating higher mortality, also suggests that that in these age classes there may be a higher 
proportion of"stray" or more mobile individuals. Olmstead & Cloutman (1974) reported 
that mostly young-of-the-year and immature individuals were responsible for recolonisation 
of a stream in Arkansas after a total fish kill. Freeman (1995) considered that long-range or 
"stray' movements in stream-dwelling fish may be more common than is reported, but the 
difficulty of recording these movements (because fish move outside the study area) 
mitigates against their detection. Jackson (1980) found that young Brown Trout moved 
from the main river system into the smaller tributaries each year. He postulated that this 
movement had important consequences in reducing intraspecific competition as larger fish 
forced smaller individuals to emigrate and colonise the smaller streams. 
In contrast, both Gerking (1953) and Gunning (1963) noted a tendency for larger 
individuals to stray more or have larger home ranges than smaller individuals. There was no 
relationship between fish length and home range size for Two-spined Blackfish. However 
there was a noticeably higher recapture rate for adult fish compared to yearlings or young-
of-the-year, suggesting that there is a smaller proportion of adult fish which can be classified 
as "strays". 
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The recapture rate of 50-60% was high by comparison with other studies of home range in 
freshwater fish, but still leaves 40-50% offish which were unmarked or new to the study 
section. The continued presence of unmarked fish in the study area can be explained in part 
by the less than 1 00% sampling efficiency of the capture technique. However it is unlikely 
that sampling inefficiencies can entirely explain the continued presence of unmarked fish. It 
is likely that there is a proportion of the population that was moving in or out of the study 
area. 
Adult Two-spined Blackfish are extremely aggressive towards each other in aquaria, often 
resulting in the severe injury or death of an individual . However, young-of-the-year and 
immature blackfish will coexist in captivity (Lintermans unpubl. data). This aggressive 
behaviour between adult blackfish satisfies the concept of territoriality, with a territory 
defined as "any defended area" (Gerking 1953). The high recapture rate of adult blackfish 
suggests that once an adult fish has occupied a territory, it is difficult for another fish to 
displace it. 
Effects of high winter flows on home range 
The sampling in November and December 1991 demonstrated that Two-spined Blackfish 
were able to maintain position within the stream during high Winter and Spring flows. 1991 
was an unusually high winter rainfall year with 559.7 mm recorded at Cotter Hut compared 
to the long-term average of233.3 mm. The June 1991 rainfall of231.8 mm was almost 
four times the long term June average of62.5 mm. Blackfish are essentially benthic, cover-
seeking fish which are invariably associated with high substrate complexity (Koehn 1986), 
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and is assumed that this cover-seeking behaviour allows them to escape high water 
velocities by remaining close to the stream bed in the interstitial spaces between boulders 
and cobbles. 
The effects of high flows on other fish communities are variable, depending on the species, 
niche and size of individuals involved. Gerking (1950) found that a flash flood had little 
effect on a fish community with 75 percent of individuals recaptured in the same sections as 
before the flood, with smaller fish no more affected than large fish. Hill & Grossman 
(1987a) reported that storm events had no effect on home range of two benthic species, but 
may have displaced a water column species. Olmstead & Cloutman (1974) found that the 
number of species and individuals in a stream sharply decreased following flooding and 
attributed this to the high proportion of immature individuals in the population. 
This study has shown that the Two-spined Blackfish is a relatively sedentary species with an 
adult home range of approximately 15 metres. This home range can effectively be 
considered a territory for adult fish as aquaria observations suggest that aggressive defence 
occurs. The movements of young-of-the-year and yearling fish at the study site were of the 
same magnitude as for adults, in that most were caught within one stream section ofwhere 
they were marked. The higher recapture rates of adult fish indicate that once these fish have 
established a territory, they are not easily displaced. The home range ofthe species was 
unaffected by high winter flows and it is proposed that fish avoid high water velocities by 
sheltering amongst the predominant substrates ofboulders and cobble. 
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CHAPTER4 
INTRODUCTION 
SEASONAL AND ONTOGENETIC VARIATION IN THE 
DIET OF GADOPSIS BISPINOSUS AND DIETARY 
OVERLAP BETWEEN G. BISPINOSUS AND 
ONCORHYNCHUS MYKISS IN THE UPPER COTTER 
RIVER, AUSTRALIAN CAPITAL TERRITORY. 
There is little published on the diet of G. bispinosus with Sanger (1990) recently reporting 
on its diet in a small tributary of the Goulburn River in Victoria. Nothing is known of 
variation in diet of either G. bispinosus or G. marmoratus with age. Curmi ( 1996) provided 
some information on the diet of G. bispinosus but this study was limited to two sampling 
days over a 10 month period. 
Butcher (1945, 1947) published some preliminary investigations ofblackfish diet in 
Victoria, however this was before the taxonomy ofblackfish was clarified. Consequently 
these results probably include data for both G. bispinosus and the two incipient species 
within G. marmoratus (northern and southern forms, see Sanger 1986). Jackson (1975, 
1978b) examined the diet of G. marmoratus in Victoria and found it to be primarily a 
benthic feeder. 
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The Cotter River study site is at an altitude of approximately 1000 m. which is at the upper 
altitudinal limit for the species (see Chapter 2}, and is much higher than the study site at 
approximately 360m used by Sanger (1990). A comparison ofthe diet ofhigh and low 
altitude populations of G. bispinosus may provide insights into the general feeding ecology 
of the species, as well as allowing comparisons with the work of Jackson ( 1978b) on G. 
marmoratus, thus providing information potentially useful to the management of the 
Gadopsidae as a whole. 
The potential deleterious impacts of introduced fish species in Australia have been reviewed 
by a number of authors recently (Fletcher 1986; Arthington 1991; Cadwallader 1996; 
Pollard 1990; Arthington & Bluhdorn 1995) with the major impacts considered to be 
competition, predation or introduction of diseases. Most investigations of competitive 
interaction have focused on dietary or habitat interactions. The two salmonid species 
Rainbow Trout Oncorhynchus mykiss and Brown Trout Salmo trutta have been the focus 
of many studies in both Australia and New Zealand since the suggestion in the 1960's that 
they played a role in the decline of native galaxiid species (Frankenberg 1966, 1974; 
Cadwallader 1975; Tilzey 1976; Fletcher 1979; Jackson 1978b, 1981; Jackson & Williams 
1980; Lintermans & Rutzou 1990b; Jones et al. 1990; McDowall1990; Glova & Sagar 
1991; Kusabs & Swales 1991; Townsend & Crowl1991; Glova et al. 1992; Mcintosh et al. 
1992, 1994; Raadik 1995; and others). 
There have been several studies ofthe diet oftrout in Australia (see McKeown 1934a,b,c, 
1936, 1937, 1955; Butcher 1945, 1947; Tilzey 1969; Faragher et al. 1979; Pidgeon 1981; 
Cadwallader & Eden 1982; Faragher 1983;) with the majority dealing with S. trutta or 
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occasionally lacustrine populations of 0. mykiss. The results of these studies have then 
often been extrapolated by other authors to infer competitive interactions with a range of 
native fish species. There are relatively few Australian dietary studies where both the trout 
species and the native species have been studied simultaneously. Jackson (1978b) examined 
dietary overlap between S. trutta and the G. marmoratus in a Victoria stream, and Bishop & 
Tilzey (1978) examined the diet of S. trutta and the threatened native species Macquarie 
Perch Macquaria australasica in the Mongarlowe River in southern NSW. Most studies on 
the interactions between native fish and trout have concentrated on S. trutta, with relatively 
few studies involving 0. mykiss. There have been no published Australian studies on the 
dietary interactions between 0. mykiss and native fish in lotic situations, other than a 
cursory examination by Tilzey (1976). 
In this study, the diets of G. bispinosus and 0. mykiss in the upper Cotter River in the 
Australian Capital Territory (ACT) are described. Data on the seasonal and size-related 
variation in diet is discussed. The level of dietary overlap between 0. mykiss and 
G. bispinosus and whether dietary overlap varies seasonally or between different size 
classes of fish is examined. 
STUDY AREA 
The Cotter River catchment lies on the western side of the ACT (Figure 2.1) and forms the 
major domestic water supply for Canberra. The catchment is a long narrow forested valley 
which was set aside for water supply purposes in 1912. Consequently the majority ofthe 
catchment is in relatively pristine condition. 
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The study area consisted of the southern portion of the catchment extending to the southern 
end ofCorin Reservoir (Fig. 2.1) A general description ofthe Cotter catchment and the 
stream discharge and rainfall is presented in Chapter 3. 
METHODS 
Monthly samples of G. bispinosus and 0. mykiss were taken by electro fishing between 
November 1990 and March 1992. All fish were sampled from an 8 km stretch of the river 
between Cotter Flats and Corin Reservoir. This section of the river is classified as a fifth 
order stream using the method of Abell (1961). Collection was restricted to this stretch of 
river in order to minimise any possible differences in diet composition due to the effects of 
differing stream size. The electrofisher used was a DC powered Smith-Root Model12 
backpack unit (Smith-Root Inc., USA). Electrofishing was carried out by wading upstream 
along a stream section while intermittently passing an electric field through the water 
column. The use of a backpack electro fishing unit meant that electrofishing was restricted to 
depths ofless than 1.2 metres. All electrofishing was carried out during daylight hours. 
Stunned fish were collected until a sample of approximately 15 fish of each species was 
obtained. Efforts were made to obtain a mix of size classes ofblackfish. All fish were killed 
with an overdose oftricaine methanesulfonate (MS222) and were immediately measured. 
Caudal Fork Length (L.C.F) was measured to 1 mm and weight to the nearest 0.1 g. Fish 
longer than 80 mm had their stomach removed and preserved while fish smaller than 80 mm 
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were preserved whole in 70 % ethanol. Intestinal contents were not examined to minimise 
any effects of differential digestability between dietary items. 
Stomach contents were removed and identified under a stereo dissecting microscope. 
Dietary items were generally identified to family level although terrestrial prey items were 
identified to order only. Oligochaetes were identified to class only. Dietary items were 
identified by using dichotomous keys, with Williams (1980) and CSIRO (1991) as the major 
references. The number and a visual assessment of the percentage volume of each dietary 
category was recorded for each stomach. 
Dietary importance was evaluated using five methods in G. bispinosus and four methods in 
0. mykiss. The inclusion of an additional method, (The rank method), for G. bispinosus 
was to allow comparison with the work of Jackson (1978b) on G. marmora/us. The 
methods used were: 
(i) Percentage occurrence, 
(ii) Numerical abundance, 
(iii) Subjective volumetric abundance, 
(iv) Rank abundance, and 
(v) Index ofRelative Importance (IRI). 
Percentage occurrence is simply the number of stomachs in which a dietary item occurs 
expressed as a percentage of the total number of non-empty stomachs in a sample. 
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Numerical abundance is the number of items of any particular category expressed as a 
proportion of the total number of dietary items present in the sample. 
Subjective volumetric abundance is a visual estimate of the volume of each dietary category 
in a stomach. 
The rank abundance method ofPollard (1973) is an approximate volumetric method in 
which the individual items were sorted into categories (usually families), and then ranked in 
order of preponderance according to a visual estimate of their relative volumes in each 
stomach. Each food category was then awarded a preponderance score, equal to the largest 
number of food categories in any one stomach, plus one, minus its rank. Finally the sum of 
the individual scores for each category for the entire sample was expressed as a percentage 
of the total scores for all food categories in the sample. 
The Index ofRelative Importance (IRI) combines values from the numerical abundance (N), 
volumetric abundance (V) and percent occurrence (0) methods into a single index. The IRI 
was calculated according to the formula : 
IRI = (V+N)xO. 
An IRI value was calculated for each dietary category in each season of sampling. 
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Blackfish were categorised into three age classes based on analysis of the length-frequency 
histograms obtained during the study of home-range (see Chapter 3 and Appendix 5). Fish 
less than 80 mm total length were considered to be in their first year of life and were 
classified as 'juvenile". Fish between 81 and 120 mm total length were classified as 
"immature" (in their second year) and fish greater than 120 mm total length were classified 
as "mature" (greater than two years of age). Monthly samples were grouped according to 
season for each age class. 
Trout were categorised into two age classes based on the length frequency analysis of the 
fish killed for dietary examination. The two trout age classes were juveniles (trout in their 
first year oflife) and non-juveniles (trout older than 1 year). On the basis of length 
frequency analysis it was not possible to discriminate between trout in the second year of 
life and adult trout. Length frequency has been shown to be an unreliable estimator of age 
past 1 year for trout due to the slow and variable growth rates of 0. mykiss in the Cotter 
River (Lintermans & Rutzou 1990b ). Monthly samples were grouped according to season 
for each age class. 
In order to examine dietary overlap between 0. mykiss and G. bispinosus Schoener's 
(1970) overlap index was calculated for the volumetric, numeric and IRI methods of dietary 
analysis according to the formula: 
Cxy = 1 - O.S(LIPxi- Pyil) 
where Pxi is the proportion of dietary group i used by species x and pyi is the proportion of 
dietary group i used by species y. 
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The Schoener index was only computed to two decimal places (Crowder 1990) as 
confidence intervals can be quite large (Ricklefs & Lau 1980). The Schoener index 
provides a reasonable estimate of niche overlap while requiring few assumptions (Hurlbert 
1978; Wallace 1981). 
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RESULTS 
Diet of G. bispinosus 
A total of 253 blackfish were examined with the majority being mature fish (Table 4.1 ). 
Fish ranged in total length from 28 mm to 255 mm (Figure 4.1) with 90% offish between 
49 mm and 220 mm total length and a mean of 134 mm. Fish were extremely difficult to 
sample in August and September due to high flows causing the river to be unsafe to 
effectively fish for much of its length. 
The number of fish with empty stomachs was low throughout the study but was highest in 
the colder months (Table 4.1) even though fewer fish in total were captured during these 
months. 
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Figure 4.1 Length frequency of G. bispinosus examined in the study of diet. 
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Table 4.1 
Month 
Monthly numbers and age class ofblackfish sampled from the upper Cotter 
River. 
Juvenile Immature Mature No. ofEmpty 
Stomachs 
Total 
November 1990 5 1 9 0 15 
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A total of 46 dietary categories were recorded (Table 4.2) with a maximum of 66 items 
recorded in a single fish. The most numerous dietary items over the whole sample were the 
ephemeropteran families Leptophlebiidae and Baetidae, followed by Chironomidae, 
Hydrobiosidae, Gripopterygidae and Philorheithridae respectively. 
Table 4.2 Number of items recorded in each dietary category for all G. bispinosus 
captured during the study. 
ietary Category No. Dietary Category No. Dietary Category No 
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The 46 dietary categories were collapsed into 14 broader categories to allow comparison 
with other published research on blackfish (Table 4.3). 
Table 4.3 Comparison of the five methods of dietary analysis employed on 
G. bispinosus. Values are for all age classes offish and months combined. 
Occurrence % Number %Volume Rank % Index of Relative 
Importance (IRI) 
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There was significant seasonal variation in the mean number of food items per fish (log 
tranformed) (Figure 4.2) for the immature (anova, F2,39 = 4.94, p = 0.005) and mature 
(an ova, F2,13s = 6.40, p < 0. 001) fish size classes, but no significant variation for the juvenile 
size class (anova F2,so = 2.07, p = 0.12). 
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The breakdown of diet by fish age class and season revealed that there were remarkably 
consistent patterns in the relative importance ofthe major dietary categories across age 
classes and seasons. 
Both juvenile and immature G. bispinosus diets in summer were dominated by 
ephemeropterans (66% and 65% respectively) with this category comprising 40% ofthe 
diet of adult fish (Figure 4.3). Dipterans were also prominent in juvenile fish in spring 
(22%) but were of minor importance in immature (3%) and adult fish (6%) (Figure 4.6). 
The importance of trichopterans increased with increasing fish size comprising 9%, 19% 
and 34% respectively in juvenile, immature and adult fish. Terrestrial items followed a 
similar pattern comprising 0%, 2% and 12% of the diet in juvenile, immature and adult fish. 
The patterns in the autumn diet were similar to spring with ephemeropterans being more 
important in juvenile (51%) and immature (54%) fish than in adults (29%). Similarly the 
importance oftrichopterans (3%, 17% and 37%) and terrestrial items (0%, 3% and 13%) in 
juvenile, immature and adult fish respectively all increased with increasing fish size (Figure 
4.4). Diptera showed the reverse trend, (34%, 15% and 10% respectively), becoming less 
important as fish size increased. As in summer, the importance of plecopterans was greatest 
in the immature age class. 
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The winter diet followed a similar pattern with ephemeropterans dominating juvenile (83%) 
and immature (67%) diets, and less important in adult fish (43%). The winter consumption 
oftrichopterans (5%, 24% and 38%) increased and Diptera (7%, 5% and 2%) decreased 
with increasing fish size (Figure 4.5). Terrestrial items were totally absent from the diet of 
juvenile and immature fish and were of minor importance (4%) to adult fish. 
The spring diet was characterised by a greater intake of dipterans than in other seasons, but 
the pattern of declining importance (27%, 29% and 6%) with increasing fish size was still 
evident (Figure 4.6). Trichoptera were only present in substantial quantities in adult fish 
(51%) with immature (2%) and juvenile (0.4%) fish having negligible amounts. The trend 
of increasing importance of trichopterans with increasing fish size is evident and is 
consistently found in all the seasons. 
Fish were a minor part of the diet in the current study although small, partially digested 
G. bispinosus juveniles were regurgitated by mature G. bispinosus on two separate 
occasions during the home-range study reported in Chapter 3. 
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Diet of 0. mykiss 
A total of202 0. mykiss were examined with the majority being mature fish (Table 4.4). 
Fish were extremely difficult to sample in August and September due to high flows causing 
the river to be unsafe to effectively fish for much of its length. 
Table 4.4 
Month 
Monthly numbers and age class of 0. my kiss sampled from the upper Cotter 
River. 
Juvenile Non-juvenile Total 
November 1990 0 1 1 
Rainbow Trout ranged in length (L.C.F.) from 32 mm to 385 mm (Figure 4.7) with 90% of 
fish being between 60 mm and 300 mm and a mean length of 166 mm. 
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Length frequency of 0. mykiss examined in the diet study. 
A total of 54 dietary categories were recorded from 0. mykiss (Table 4.5) with only a single 
fish Guvenile) with an empty stomach recorded in February 1991. The maximum number of 
items in a single stomach was 694, with 592 ofthese being encased conoesucid 
trichopterans. This fish was an adult of 223 mm total length. 
The most numerous dietary category was terrestrial arthropods with approximately 25 % of 
the total items. The most numerous aquatic categories were the baetid mayflies and the 
coenosucid, leptocerid and odontocerid caddisflies. Chironomid larvae, gripopterygid 
stoneflies and leptophlebiid mayflies were also prominent in the diet. 
The 54 dietary categories were collapsed into 14 broader categories (Table 4.6) to allow 
comparison with the diet of G. bispinosus and other published research on 0. mykiss. 
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Table 4.5 Number of items recorded in each dietary category for all mykiss captured 
during the study. 
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Table 4.6 Comparison of the four methods of dietary analysis employed on 0. mykiss. 
Values are for both age classes of fish and months combined. 
%Occurrence% Number %Volume% Index of Relative 
portance (IRI) 
81.1 21.5 23.8 25.4 
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There was significant seasonal variation in the number of food items per fish (log 
transformed) (Figure 4.8) for the juvenile trout age class (anova, F3,1 1 = 3.88, p = .012) with 
fish containing substantially higher numbers of dietary items in spring than in other seasons. 
There was also significant seasonal variation for the non-juvenile age class (anova, F3,117 = 
5.89, p <0.001). 
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Comparison of the juvenile and non-juvenile dietary composition for all samples reveals 
considerable differences in the rank importance of categories (Table 4.7). Ephemeroptera 
comprised the majority of the diet of juvenile fish, followed by trichopterans and 
plecopterans. Terrestrial items were recorded in 57 % of juveniles, and whilst only 
comprising 8.6% numerically, were 17.9% by volume, indicating the generally larger size 
of such items. By contrast the non-juvenile trout consumed a larger proportion of 
trichopterans and terrestrial items with these two categories making up the majority of the 
diet, occurring in more than 90 % of non-juvenile trout. 
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Table 4.7 
Ephemeroptera 
Values for the four methods of dietary analysis on juvenile and non-juvenile 
0. mykiss. 
Juvenile Non-juvenile 
%Occur. %No. %Vol. % IRI %Occur. %No. %Vol. % IRI 
92.4 55.6 43.1 62.7 73.8 9.9 11.4 9.7 
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The breakdown of juvenile trout diet season reveals that the diet consisted almost solely 
of ephemeropterans (95 %) in summer (Figure 4.9). At this stage the fish were between 30 
mm and 100 mm total length. autumn the diet was dominated by ephemeropterans (27 
%), trichopterans (34 %) and terrestrial invertebrates (32 %). Plecoptera (37 %) largely 
replaced the terrestrial invertebrates (0.1 %) in the winter diet, with ephemeropterans (40 
%) and trichopterans (19 %) making up the majority of the remainder of the diet. The 
spring diet was more varied, but again dominated by ephemeropterans (39 %) with 
plecopterans (22 %), trichopterans (12 %), and terrestrial invertebrates (13 %) the 
important groups. Diptera larvae (10 %) were also prominent in the spring diet ofjuvenile 
trout (Figure 4.9). 
The diet of non-juvenile Rainbow Trout showed much less dependence on ephemeropterans 
than in the juvenile trout (Figure 4.10). The summer diet consisted mainly oftrichopterans 
(39 %), terrestrial invertebrates (36 %) and ephemeropterans (20 %). The importance of 
terrestrial invertebrates (49 %) and trichopterans (41 %) increased in autumn with 
ephemeropterans (2 %) and dipterans (5 %) as minor items (Figure 4.9). As occurred in the 
juvenile trout, the prevalence ofterrestrial items (7 %) in the diet declined in winter and 
Plecoptera (17 %) increased. The major winter dietary item was trichopterans (62 %) with 
ephemeropterans comprising 10 %. The importance ofterrestrial items (31 %) increased in 
spring, with a reduction oftrichopterans (49 %) and plecopterans (7 %). The proportion of 
ephemeropterans remained relatively constant at 8 %. 
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Dietary overlap between G. bispinosus and 0. mykiss 
The values of Schoener's index of niche overlap for three methods of dietary analysis are 
presented in Table 4.8. Values can vary from 0 (no overlap) to 1 (total overlap) with values 
at or above 0.60 generally considered to indicate biologically significant niche overlap 
(Zaret and Rand 1971; Mathur 1977), although Mittelbach & Chesson (1987) considered 
overlap values of approximately 0.50 to be potentially significant. 
It is apparent that dietary overlap is generally significant between fish of similar sizes, but 
that there is some seasonal variation. There is significant overlap for at least one method of 
dietary analysis between juvenile blackfish and juvenile trout in all seasons except autumn. 
Similarly there is significant overlap between immature blackfish and juvenile trout in all 
seasons except autumn. The diets of the two largest size classes (mature blackfish and non-
juvenile trout) exhibit the highest degree of overlap with significant overlap recorded for 
most dietary analysis methods in all seasons. There was no significant overlap between non-
juvenile trout and either juvenile or immature blackfish. There was only a single significant 
overlap figure in both autumn and winter between mature blackfish and juvenile trout, with 
these results appearing to be due to similarities in percentage occurrence of diet rather than 
numerical or volumetric similarities (Table 4.8). Autumn was the season when fewest 
significant overlaps were recorded with most significant overlaps recorded in summer. 
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Table 4.8 Seasonal values of Schoener's index of niche overlap for three methods of diet analysis. Values were calculated for each pair of 
comparisons between the three age classes ofblackfish and the two size classes of trout. 
(No.= Numerical abundance, Vol= Volumetric abundance, IRI =Index of Relative Importance). (Values above 0.60 are 
considered significant and are bolded and underlined). 
Spring Summer Autumn Winter 
G. Bispinosus I 0. mykiss No. I Vol I IRI I No. I Vol I IRI I No. I Vol I IRI I No. I Vol IRI 
Non-juvenile .78 .74 1 .71 1 .63 I .79 I .7o I .s2 1 .68 .59 .59 I .74 .61 
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DISCUSSION 
DietofG. 
The diet of G. bispinosus in the current study closely resembles that reported by Sanger 
(1990) for this species from King Parrot Creek in Victoria. The diet in both studies is 
dominated by Ephemeroptera, Trichoptera, Diptera and Plecoptera. Sanger (1990) 
recorded fewer trichopterans, amphipods and megalopterans in the diet than in the current 
study, but recorded increased decapods (Table 4.9). These slight differences in the diet are 
probably related to the differential abundance or availability of the various food groups 
between the upland and lowland streams. For example the higher prevalence of decapods 
(shrimps and crayfish) in Sanger's (1990) diet study is probably due to the increased 
abundance of these groups in the lower altitude streams, as has been found in the Canberra 
region (Lintermans unpubl. data). 
Curmi (1996), who studied two sites on Tallangatta Creek in Victoria in late summer and 
autumn, found that G. bispinosus diet was generally dominated by Trichoptera, 
Ephemeroptera, and Diptera larvae, although ostracods were occasionally abundant in the 
diet at a single site. He concluded that the composition of the diet of G. bispinosus most 
closely resembled the abundance of invertebrates in the drift rather than erosional or 
depositional benthos. 
The diet of G. bispinosus in this study is also very similar to that recorded for its congener 
G. marmoratus. Jackson (1978b) found that the diet of G. marmoratus was dominated by 
Ephemeroptera, Trichoptera, Plecoptera and Diptera, but that terrestrial invertebrates 
formed approximately twice the proportion of the diet that has been recorded for G. 
bispinosus (Table 4.9). 
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Table 4.9 Comparison of the diet of G. bispinosus recorded during this study and by 
Sanger (1990) with that recorded for G. marmoratus by Jackson (1978b). 
This Study Sanger (1990) Jackson (1978b) 
Dietary Occur. No. Rank Occur. No. Rank No. Rank 
Category 
Ephemeroptera 92.2 38.7 27.0 81.1 33.3 24.5 53.2 29.2 
Butcher (1945, 1947), although probably combining information on all three blackfish 
species, noted the importance ofTrichoptera in the diet ofblackfish, numerically comprising 
66 percent of food items in the fish he examined. Coleopterans were the next most 
important item comprising 12 percent ofthe diet. He found that terrestrial items made up 
16 percent ofthe diet (Butcher 1945). 
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Seasonal variation in fish diets can be due to a number of factors, including changes in the 
habitat available for foraging, behaviour or abundance of the food items themselves, or 
changes in the feeding behaviour of the fish. The seasonal variation in the abundance of 
terrestrial items in the diet of mature blackfish is possibly a result of a combination of all 
three factors. Terrestrial invertebrates are most important in summer and autumn, when 
stream flow is low, allowing mature blackfish to forage widely throughout the water column 
and on the surface without encountering fast current velocities. Terrestrial invertebrates are 
still probably abundant on surrounding foliage at this time, presenting numerous 
opportunities for feeding. The onset of winter results in both higher surface water velocities 
which blackfish avoid (Koehn 1986), and a reduced abundance of terrestrial invertebrates, 
with a consequent drop in the importance of terrestrial invertebrates. Blackfish activity, (as 
indicated by lower capture rate) is also at its lowest in winter, reducing the likelihood of 
predator-prey interactions. In spring, the relative importance of terrestrial items in the diet 
rises as blackfish activity and invertebrate abundance increases, and surface water velocity 
decreases. 
Ontogenetic differences in diet may be attributable to a variety of factors including gape 
limitations, habitat usage by fish of different age classes, and differential susceptibility to 
predation between fish age classes. The dominant dietary item in juvenile blackfish was 
Ephemeroptera, usually the smaller ins tars, with little occurrence of the larger Trichoptera 
or terrestrial items which are increasingly important in immature and adult fish. The smaller 
mouth size and gape of juvenile blackfish will limit the width of prey items they can 
consume. In Coho Salmon fry of 40 - 80 mm length, the proportion of prey ingested 
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decreased as prey width increased beyond a critical width of approximately 2 mm 
(Dunbrack & Dill 1983). As fry length (and gape) increased, so did the critical width of 
prey. A similar response has been shown in Atlantic Salmon (Wankowski 1979). Also, as 
prey size increases relative to mouth size of the fish, the predator must pay an increasing 
cost in the handling time of prey (Wootton 1990), thus decreasing the profitability ofthe 
prey to the predator. Another factor which reduces the profitability of prey is the 
proportion of indigestible material in a prey item. In juvenile blackfish with a limited 
stomach capacity, ingesting Trichoptera with their relatively large cases of indigestible sand, 
stick or leaf may not be a cost-efficient feeding strategy. 
The effects of habitat use on diet in G. bispinosus 
Differing patterns in habitat usage by blackfish and their prey may also partially explain the 
differences in diet. Juvenile blackfish in the current study were most often found associated 
with edge and shallow backwater habitats with little or no flow (Lintermans unpubl. data). 
These habitats are likely to provide fewer opportunities for feeding on terrestrial items as 
such prey are not being constantly replenished by downstream carriage on the current. 
Adult blackfish that occupy the deeper water in the mid-stream would be expected to have 
greater access to such current-borne food items, as is the case in the present study. It is 
unknown whether juvenile blackfish are utilising shallow edge habitats to reduce the 
energetic costs associated with living in the faster-flowing water, or whether the risks of 
predation from other fish are likely to be lower in these habitats. The importance of abiotic 
and biotic factors and their interaction in determining habitat use in fish has received 
considerable attention in the last decade (Harvey 199la, b; Schlosser 1987, 1988; Harvey & 
Stewart 1991; Crowder & Cooper 1982; Greenberg 1994; Blinn et al. 1993; Werner et al. 
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1983; Sih 1987; Mittelbach & Chesson 1987; Bean & Winfield 1995). Power (1984, 1987) 
proposed that size-related differences in depth preferences were due to predation risk. 
Larger fish preferred deeper water where they were less vulnerable to predation from 
fishing birds whereas smaller species/individuals preferred shallow regions where larger 
predatory fish are absent. This predation-driven "bigger fish-deeper water" relationship has 
been noted in a number of other studies (Harvey 199la, b; Harvey & Stewart 1991; 
Schlosser 1987, 1988) and was also evident in the Cotter River with both the larger 
blackfish and trout most often associated with the deeper water. Both of these species are 
known to prey on small blackfish (Lintermans unpubl. data). The most likely avian predator 
oflarger fish in the upper Cotter River is the Great Cormorant Phalacrocorax carbo which 
was observed on virtually all visits to the study area. Other potential avian predators 
observed during the study included the Pacific Heron Ardea pacifica and Rufous Night 
Heron Nycticorax caledonicus. 
Alternatively, a study of dietary specialisation in the Striped Surfperch Embiotoca latera/is, 
Holbrook & Schmitt (1992) concluded that it was intra-specific competition that was 
responsible for size-related diet differences. The differences in diet between different size 
classes of fish was not due to active choice of prey, but to selective use of foraging patches 
dictated by a strong competitive hierarchy. 
Diet of 0. my kiss 
The diet of 0. mykiss recorded in the present study is generally similar to that reported by 
others. Kusabs & Swales (1991) found the diet of juvenile 0. my kiss to be variable in the 
two New Zealand streams they examined, with fish fry and ova a significant part of the diet. 
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In one ofthe streams the diet was numerically dominated by chironomid larvae (34.7%), 
followed by trichopterans (21.2%), terrestrial organisms (18.7%), ephemeropterans 
(16.1%) and fish ova (9.3%). In the other stream ephemeropterans dominated the diet 
(49.6%), followed by terrestrial organisms (29.3%), fish fry and ova (13.3%), trichopterans 
(5.4%) with chironomids comprising only 1.4%. 
Bisson (1978) found that during the middle ofthe day, small (~3 g, ~60 mm TL) 0. mykiss 
consumed mainly chironomid and trichopteran larvae from the midwater drift and benthos, 
whilst larger ( ~ 45 g, 150 mm TL) trout fed more at the surface on larger chironomid 
adults. At dusk and dawn both size classes of fish fed largely on trichopteran larvae and 
snails, presumably from the benthos as neither was a substantial proportion of the drift 
(Bisson 1978). The relative importance of surface feeding during bright illumination and 
benthic feeding at lower light intensities was also noted by Jenkins et al. (1970). Tippets & 
Moyle (1978) found that age 0+ trout fed on small chironomid and mayfly larvae in the 
drift, with age 2+ trout feeding on larger items from the benthos. Trout aged 1 + had a 
feeding pattern that was intermediate between the other two age classes. As in the present 
study, Tippets & Moyle (1978) found that the proportion ofTrichoptera and terrestrial 
invertebrates in the diet increased with increasing fish size, and that the proportion of 
dipteran and ephemeropteran larvae decreased with increasing fish size. 
Pidgeon (1981) also noted that larger 0. mykiss ate larger items, particularly crayfish, in a 
springtime study of two streams above 1,000 m altitude in northern New South Wales. He 
also noted that the proportion of trichopterans in the diet increased with increasing fish size, 
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as was found in the present study. The fish captured by Pidgeon (1981) were considerably 
larger than in the present study with no fish below 240 mm TL examined. 
Butcher (1945) recorded that Trichoptera, Diptera and Ephemeroptera were the three most 
numerous items in the diet ofO. mykiss comprising 42.1, 19.8 and 16.3% respectively. 
Terrestrial items comprised 8% of the diet. The fish examined were aU supplied by anglers, 
and would therefore not contain juvenile or immature fish. The dietary analysis also pooled 
the samples from different streams and times, so no seasonal or stream-specific trends can 
be established. 
Lacustrine studies of 0. mykiss in Australia have demonstrated high abundance of 
gastropods, cladocerans, Odonata and chironomids in the diet (Tilzey 1969; Cadwallader & 
Eden 1982), all ofwhich are often in high abundance in lentic situations. Cadwallader & 
Eden (1982) also noted high abundances ofthe native fish Galaxias maculatus in the diet. 
Dietary overlap between G. bispinosus and 0. mykiss 
The various dietary measures used in the current study clearly demonstrate dietary overlap, 
but whether competition is occurring cannot be ascertained without information on the 
availability in the environment of the various food items. Overlap in diets is often recorded 
in fish communities but competition can only be inferred when the particular food resource 
is limited or in short supply. The overlap values from the current study are generally above 
or very close to the accepted threshold of0.60, indicating that significant dietary overlap 
occurs between 0. mykiss and G. bispinosus in most seasons. The exception was autumn 
when overlap was at its lowest. Butcher (1945) concluded that both S. trutta and 0. mykiss 
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compete with 'blackfish" for food and that direct competition had "doubtless played a very 
large part" the disappearance ofblackfish from many streams. However, he considered 
that overfishing, deforestation and erosion were more significant in the decline ofblackfish. 
It must be remembered that this study was before the description of G. bispinosus , or the 
recognition of distinct southern and northern forms of G. marmoratus, and that all three 
taxa would have been combined in the dietary analysis. 
Direct competition for food resources is often reduced by either temporal and/or spatial 
partitioning (Cadwallader 1975; Scrimgeour & Winterbourn 1987; Johnson & Ringler 1980; 
Glova eta/. 1992; Sagar & Eldon 1983; Kusabs & Swales 1991; Ross 1986) with Jackson 
(1978b) concluding that spatial partitioning may reduce dietary interactions between G. 
marmoratus and S. trutta. At the scale used in the current study, spatial partitioning 
between 0. mykiss and G. bispinosus was not apparent in the upper Cotter River, with both 
species occupying pool and riffie habitats with complex substrates. However, there may be 
some temporal partitioning of the food resource between the two species which lessens the 
severity of competition for food. Oncorhynchus mykiss is essentially a diurnal feeder 
although some nocturnal foraging occurs, but usually at reduced efficiency (Jenkins eta!. 
1970; Bisson 1978; Angradi & Griffith 1990; Tippets & Moyle 1978). In contrast, blackfish 
are considered a nocturnal predator (Koehn et al. 1994; Merrick & Schmida 1984), 
although whether they are also crepuscular is unknown. Temporal partitioning between 0. 
mykiss and the nocturnal native species Galaxias brevipinnis (Glova & Sagar 1989) has 
been recorded from a New Zealand stream (Kusabs & Swales 1991). However, there may 
still be competition for food even with some temporal partitioning of feeding as there may 
be overlap in feeding activity. Glova eta/. (1992) investigated the feeding relationships of 
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juvenile S. trutta and Galaxias vulgaris a New Zealand stream and found that dietary 
overlap was greatest around dawn and dusk, with the galaxid feeding from dusk to post-
dawn and S. trutta feeding from pre-dusk to post dawn. Further investigation of diel 
variation in the feeding activity of G. bispinosus is recommended. 
It is unknown whether G. bispinosus has altered its feeding or habitat preferences in 
response to the presence of trout. Both S. trutta and 0. mykiss have been present in 
Australia for more than 100 years with no information available on the pre-trout habitats of 
blackfish. The survey ofNSW and the ACT failed to find any sites where G. bispinosus 
was present and trout were absent (see Chapter 2). Consequently, unless such a situation 
can be found, it is difficult to determine whether G. bispinosus has altered its dietary niche. 
One avenue of research worth consideration is to experimentally remove and exclude trout 
from a blackfish population and examine whether the diet ofblackfish is affected. 
Tilzey (1977) considered that competition for food between trout and native fish was 
insignificant, but noted that there were few studies on the diets of indigenous fish. Bishop 
& Tilzey (1978) considered S. trutta and Macquarie Perch were possibly competing for 
food in winter and spring due to the similarity of diets at this time. Fletcher ( 1979, 1986) 
concluded that the allopatric nature of trout and Galaxias olidus populations was partly due 
to dietary exploitation competition (i.e. where two species are utilising a resource that is in 
short supply). The current study provides convincing evidence of significant dietary overlap 
between similar size classes ofblackfish and Rainbow Trout, with competition for food 
resources considered likely. 
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It is likely that a combination of morphological, energetic, competitive and predation-related 
factors are responsible for the differences the diet of G. bispinosus recorded the 
present study. 
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CHAPTERS. 
INTRODUCTION 
REPRODUCTION AND EARLY DEVELOPMENT IN THE 
TWO-SPINED BLACKFISH GADOPSIS BISPINOSUS IN 
THE UPPER COTTER RIVER, AUSTRALIAN CAPITAL 
TERRITORY. 
The reproductive strategy of a species can have profound implications for the design and 
implementation of sound conservation management programs. Knowledge of the spawning 
requirements and breeding season is essential if management is to maximise spawning 
success and facilitate strong recruitment to the population. In the ACT, the Cotter River 
above Bendora dam in Namadgi National Park is managed as a fish conservation zone, with 
blackfish one of the species targeted for special attention (Anon. 1986). However, when 
the management plan for Narnadgi was prepared, there was no published information on the 
ecology of G. bispinosus, making effective management for the species difficult. 
The closely related G. marmoratus was found to spawn inside hollow logs in November 
(Jackson 1978a), with male fish guarding the egg mass. Sanger (1986) reported a late 
spring/early summer spawning period for G. bispinosus in Victoria, but recommended 
further study was necessary. Lintermans & Rutzou (1990b) recorded that small juvenile G. 
bispinosus were present in the upper Cotter River population in late summer, also indicating 
a spring/summer spawning period. 
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intention of the current study was to examine the spawning season, size at maturity, 
fecundity and spawning site of G. bispinosus the upper Cotter River. 
STUDY AREA 
The Cotter River catchment lies on the western side of the ACT (Figure 2.1) and forms the 
major domestic water supply for Canberra. The features of the catchment have been 
described in Chapter 3 with the study area being the same as in the study ofblackfish diet 
(Chapter 4). 
METHODS 
Gonad development and fecundity 
Monthly samples of G. bispinosus were taken by electrofishing between November 1990 
and March 1992. Samples were always taken in the last third of the month, usually the last 
week. All fish were sampled from an 8 km stretch of the river between Cotter Flats and 
Corin Reservoir. This section of the river is classified as a fifth order stream using the 
method of Abell (1961 ). Collection was restricted to this stretch of river in order to 
minimise any possible differences in reproductive development due to the effects of differing 
stream size. The electrofisher used was a DC powered Smith-Root Model 12 backpack unit 
(Smith-Root Inc., USA). Electrofishing was carried out by wading upstream along a stream 
section while intermittently passing an electric field through the water column. The use of a 
backpack electrofishing unit meant that electrofishing was restricted to depths ofless than 
1.2 metres. All electrofishing was carried out during daylight hours. 
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Stunned blackfish were collected until a sample of approximately 15 fish was obtained. All 
fish were killed with an overdose oftricaine methanesulfonate (MS222) and were 
immediately measured. Total length was measured to the nearest millimetre and weight to 
0.01 g. The gonads were dissected out and wet-weight recorded to 0.01 g. Two 
techniques were used to assess the reproductive condition of individual fish (see review by 
West (1990)): macroscopic staging ofthe gonads, and seasonal variation in the 
gonadosomatic index. 
Macroscopic Staging of the Gonads 
Female fish were visually allocated to one of six reproductive stages based on the 
macroscopic appearance of the single ovary, laterally bilobed at its anterior end: 
Immature/Resting ovary undeveloped or in a resting state, oocytes less than 1. 0 mm 
diameter and unpigmented; 
Early Developing 
Developing 
Mature/Ripe 
Spent 
Ovary showing signs of development, greenish in colour with black 
speckling on oocytes, oocyte diameter approximately 1. 0 mm 
diameter; 
Ovary continuing to develop, largest oocytes yellowish and 
approaching 2.0 mm diameter; 
Ovary fully developed, largest oocytes golden yellow and greater 
than 2.0 mm diameter; 
Ovary largely empty of mature oocytes and flaccid, occasional large 
atretic eggs present; and 
117 
Resorbing Ovary full of large discoloured oocytes, often hard, with oocytes 
being resorbed. 
The single small nodular testis in male blackfish underwent little apparent change in size or 
appearance over the study period, and so was not visually allocated to the stages outlined 
above. 
Change in the Gonadosomatic Index 
The gonadosomatic index (GSI) was calculated for each fish greater than 120 mm total 
length according to the equation: 
GSI = W/Wt X 100 
where W g is the weight of the gonad and Wt is the total weight of the fish. The GSI was 
not calculated for male fish after October 1991 as the previous 12 months of data showed 
little variation or trend. The GSI could not be calculated for female fish sampled in late 
December 1991 because of equipment failure in the field. 
Estimation of fecundity 
Any females in which egg diameter was approximately 2 mm or greater had the eggs 
dissected out ofthe ovary and counted. Egg number was plotted against fish total length. 
A sub-sample of6-10 eggs from each ofthese females had diameter measured to 0.05 mm 
with dial callipers. 
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Jackson 978a) recorded that G. marmoratus spawned inside hollow logs but noted that 
they also spawn in sections ofP.V.C. tubing (Jackson 1979). A series of spawning 
tubes were constructed similar to the design of Jackson (1979). Spawning tubes were 500 
mm in length and constructed ofP.V.C. tubing of either 38, 50 or 65 mm (designated small, 
medium and large) diameter. Each tube had a 500 mm length of steel bar weighing 
approximately 1 kg attached to it to prevent the tube being washed away. Each tube had a 
300 mm long section of the top of the tube cut away to allow easy inspection of the inside 
of the tube (Figure 5.1). 
···-········ 
···············. 
···: 
.. ·-······ 
Figure 5.1 Diagram ofP.V.C. spawning tubes used in the upper Cotter River. 
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This opening was then covered with a section of tube ofthe same diameter, which snapped 
over the inspection opening. In 1991 a total of54 tubes (18 of each diameter) were 
distributed between a number ofbroad habitat types in a 1 kilometre section of the upper 
Cotter River. Habitat types were either mid-pool, head of pool, foot of pool, or run. At 
each location a total of nine tubes (three of each diameter) were distributed across the river 
occupying a range of depths and flow velocities. 
The number of tubes was used in 1992, 1993 and 1994 was lower than in 1991 due to 
losses from flooding at the end of the 1991/92 spawning season (Table 5.1 ). 
Table 5.1 Number and size of spawning tubes set in the upper Cotter River each year. 
No. of tubes set in river 
Year Small diameter Medium diameter Large diameter 
1991/92 18 18 18 
Tubes were placed into the river in October/November of 1991, 1992, 1993 and 1994 and 
monitored for two to three months. Monitoring was carried out at least weekly, but were 
inspected at two or three-day intervals when eggs were present in the months of December 
to January in 1991, 1993 and 1994. Tubes were inspected with the aid of a face-mask and 
mirror to minimise disturbance to the tubes. Where a fish was found to be present, the tube 
was gently lifted from the substrate, the fish was examined and removed and the presence or 
absence of eggs determined. The presence of obviously gravid fish (eggs visible through the 
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abdominal wall) was noted. Maximum and minimum surface water temperature was 
recorded between each inspection visit with a max-min thermometer set in the river. 
If eggs were present in the tube, the tube complete with eggs was returned to the laboratory 
where it was placed in an 180 litre aquarium. In 1993 a single tube containing eggs was left 
in situ in the river to monitor development of the eggs in the wild, and this was repeated in 
1994 with all egg masses left in situ. In 1991 and 1993, any blackfish occupying a tube 
with eggs was killed, measured, and dissected to determine sex. The exception was the 
single tube left in situ in 1993 where the occupant fish was not sacrificed. The water depth, 
distance from bank, current velocity, and the diameter of the tube was recorded for any 
spawning tube which contained eggs. 
Egg and larval development 
Egg and larval development was studied in the laboratory in the 1993 spawning season. 
Egg masses were maintained in 180 litre aquaria at a constant temperature of 15 °C. Each 
aquarium contained a single egg mass and was aerated and mechanically filtered with 
approximately 30-50% of the water volume changed every 24-48 hours. Eggs were 
monitored with daily photographs taken on a WILD M400 Photomacroscope at various 
magnifications. Time (days) to first hatching was recorded for each egg mass and then 
larval development was monitored with daily photographs. Larval development in the 
single tube left in-situ was monitored by regularly siphoning several larvae from the tube 
and returning them to the laboratory for examination and photography. Terminology of the 
developmental stages offishes has been the subject of much debate with many systems 
devised but none universally adopted (see Moser 1985; Leis & Trnski 1989).The 
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terminology used for the various developmental stages in this chapter follows that of Balon 
( 197 5b). This system was used to allow direct comparison of development in G. bispinosus 
with the published work on G. marmoratus by Jackson (1978a). 
Parental care of eggs and young fish 
The length of time of parental care was studied for a single egg mass left in situ in 1993 and 
for all egg masses in 1994. Inspections were made at approximately 2-3 day intervals to 
determine when parental care ceased and the larvae left the tube. 
Location of Natural Spawning Sites 
Based on the results of the first years assessment of gonad maturation and the use of 
spawning tubes, searches were conducted of the upper Cotter River for egg masses of 
G. bispinosus. In 1991 this involved systematically hand -searching the likely spawning sites 
in a stretch of stream in the appropriate months of the year. In 1993 the stream section to 
be searched was first electro fished to determine the location of any resident adult fish, and 
the search for egg masses was then concentrated around these capture sites. Due to the 
destructive nature of egg searches, no searching was carried out in 1992 or 1994. 
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RESULTS 
Gonad Development and Fecundity 
Macroscopic Staging of the Gonads 
The ovaries of adult G. bispinosus exhibited a clear seasonal cycle of development with 
mature/ripe fish recorded only in November and December and spent fish recorded only in 
December and January (Table 5.2). 
Table 5.2 Number of adult female G. bispinosus collected in each month and the 
percentage assigned to each reproductive stage by macroscopic visual 
assessment. 
Developing Mature 
/Ripe 
50 
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single immature/resting fish recorded November 1 was probably a fish 
which had spawned early, but no residual large eggs in the ovary, the distinction 
between immature/resting and spent can be difficult to judge. Most fish were in a resting or 
early development state from January to March with ovarian development starting to 
become readily apparent in April. Most females continued in the developing stage until 
November when maturation of the eggs was apparent. 
Change in the Gonadosomatic Index 
Changes in the female Gonadosomatic Index (GSI) closely followed the pattern shown by 
macroscopic staging (Figure 5.2). GSI values peaked in November in both 1990 and 1991 
with the ovary comprising up to 15 % of total body weight in these months. GSI values 
then dropped sharply in December, corresponding with the first appearance of spent females 
in the fish samples. No females were collected in August 1991 and equipment failure in 
December 1991 precluded measurement of ovary weights. 
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GSI values for males showed little change throughout the study (Figure 5.3), with the 
maximum GSI of0.23 recorded in August and September. Testis weight was generally 
around 0.1 g in most months and unlike the ovary, never filled a substantial portion ofthe 
body cavity. Running ripe males were never encountered. 
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Estimation of fecundity 
Fecundity estimates were obtained for a total of 10 fish from the upper Cotter River in 1990 
and 1991 with fecundity varying from 128 to 396 eggs (Table 5.3). There was a significant 
positive relationship between fish total length and fecundity with the relationship described 
by the equation: 
Fecundity= 2.03 TL- 141.8; p=0.0005, r2 = 0.84 (see Appendix 7 for plot). 
125 
a fish the survey (see Chapter 2) the 
upper Murray River at Tom Groggin. This fish had been an aquarium since its 
capture on 22/2/92. 
length being 325 mm 
1/12/92 it released 423 eggs the aquarium, with the fishes total 
The maximum diameter of eggs before spawning was between 3. 0 and 3. 4 mm but may be 
less small fish. The three smallest gravid fish had egg diameters less than 3. 0 mm, 
indicating either a smaller egg diameter at maturity or that spawning in smaller fish occurs 
later in the season, allowing a longer period for the egg to become fully yolked. 
Table 5.3 
Month 
October 
December 
Month of collection, fish total length, egg counts, and mean egg diameter for 
G. bispinosus from the upper Cotter River. Standard deviation of egg 
diameters for each fish is shown in parenthesis. 
Fish Total Length (mm) Number ofEggs Mean Egg Diameter (mm) 
255 396 1.95 (0.05)* 
136 128 2.72(0.11) 
* This fish was in the late stages of oocyte development but was not yet in the mature/ripe 
reproductive stage. 
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Location of natural spawning sites 
Despite considerable search effort, no natural spawning sites of G. bispinosus could be 
located. 
Utilisation of artificial spawning tubes 
Gadopsis bispinosus were found to be present in spawning tubes on each inspection. A 
total of 15 egg masses were recorded during the study with the majority from 1993 and 
1994 (Table 5.4). No egg masses were recorded in 1992. 
Table 5.4 
Year 
1991 
Number of G. bispinosus egg masses recorded and the diameter of the 
spawning tube used. 
Number of egg masses 
Small diameter Medium diameter Large diameter 
0 0 1 
The number of eggs in each mass varied from 148 to 299 (Table 5.5) which is well within 
the fecundity values recorded for an individual fish. Spawning occurred between late-
November and mid-December in each year. On a number of occasions when inspecting 
spawning tubes, it was observed that there were two blackfish occupying the tube, with one 
of the fish invariably being a gravid female with mature eggs visible through the abdominal 
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wall. The next inspection of such tubes usually recorded a single fish present along an 
egg mass. 
Table 5.5 Number of eggs recorded each G. bispinosus egg mass spawning tubes 
in the upper Cotter River. 
Tube Possible spawning date 
No. range 
#43 28/11/91-5/12/91 
*estimate only 
No. ofeggs 
m egg mass 
200+* 
Spawning tube 
diameter 
large 
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Length and position of egg mass in tube 
Egg masses were always deposited on the lower surface of the spawning tube, with the eggs 
laid in a single layer usually towards the centre of the tube (Plate 5.1). Eggs were adherent, 
particularly to the spawning substrate but also to each other where in contact. Egg masses 
were between 140 and 230 mm in length. The successful spawning tubes were free of silt 
or sediment, whereas the tubes not used for spawning generally contained varying degrees 
of sediment. 
Each egg mass was attended by a single adult fish. If the fish was removed from the tube 
and the tube replaced in the river, the attendant fish returned to the tube within 10 minutes. 
All ofthe attendant fish sacrificed were large adult males (Table 5.6). 
Table 5.6 Length and sex of fish present in spawning tube with egg mass. 
Date Tube No. Fish Total Length (mm) Sex 
5/12/91 #43 217 Male 
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Plate 5.1 An egg mass of G. bispinosus in a P.V.C spawning tube. 
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Age at maturity 
The smallest total lengths spent females was 140 mm 14 7 mm, with mature females 
which were ready to spawn recorded at 135 mm and 136 mm (Table 5.3). A fish of 117 
mm TL with developing oocytes of approximately 1 mm diameter was recorded in late 
November 1991. These lengths correspond with fish at the end of their second year of life 
(see Appendix 3). However, not all females were reproductively mature at this length, with 
a number of fish of this size class still assessed as immature. All females were judged to be 
reproductively mature when reaching approximately 150 mm TL, (i.e. in their third year). 
Size at maturity for males could not be determined due to the lack of seasonal change in 
testis size and the lack of running ripe males. 
Environmental cues for spawning 
The seasonal change in surface water temperature for 1990/92 is shown in Figure 5.4 with 
maximum temperatures recorded in December or January. 
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the upper Cotter River between October 1990 and March 1992. 
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The temperature records for the 1993 spawning period show that the maximum surface 
water temperature rose quickly during late spring/early summer with the amplitude of daily 
temperature variation also increasing substantially over this period (Figure 5.4). In 1993 the 
first spawning in the spawning tubes was on 28 November with the last egg mass deposited 
around 13 December. The first spawning corresponds with the maximum water 
temperature reaching approximately 18 oc (Figure 5.5). Similarly in the 1994 spawning 
season, the first egg mass was recorded after water temperatures had reached approximately 
18 °C in the previous week. 
Shape and diameter of fertilised eggs 
Fertilised eggs were roughly hemispherical in shape with a flattened adhesive disc on one 
side. Where eggs were in contact with one another, the point of contact was also flattened. 
The chorion was smooth and unsculptured. The mean diameter of eggs at their longest axis 
varied from 3.22 mm to 3.53 mm (Table 5.7) with individual eggs ranging from 3.0 mm to 
3.75 mm maximum diameter. 
Table 5.7 Mean diameter of fertilised eggs from individual egg masses. 
Tube No. Mean diameter (mm) Standard Number of eggs measured 
deviation 
#38 3.53 0.18 9 
#20 3.43 0.11 2 
132 
-(.) 
0 
-e 
:::l 
...... 
l! 
Q) 
c. 
E 
Q) 
1-
.... 
Q) 
...... 
ca 
~ 
24 
22 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 
20-
0ct 
27-
0ct 
4-
Nov 
11-
Nov 
18-
Nov 
25-
Nov 
1993 
2-
Dec 
9-
Dec 
16-
Dec 
23-
Dec 
30-
Dec 
llmtMinimum Temp. 
111111 Maximum Temp. 
Figure 5.5 Variation in minimum and maximum surface water temperature in the upper Cotter River during the 1993 spawning season. 
"start" indicates when the readings commenced and each data point shows the temperatures recorded since the previous visit. 
Arrow heads indicate the date of individual spawnings in spawning tubes. Spawning dates have been back-calculated from 
hatching date by assuming a 15-17 day hatching period. 
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Habitat characteristics of successful spawning tube locations 
The successful spawning tubes occurred in a number of habitat types and positions 
(Table 5.8), with no apparent pattern in relation to water-depth or distance from the bank 
(Table 5.9). In a stream that was generally 4-5 m wide, the maximum distance from the 
bank is only 2-2.5 m, with the great majority of the stream being between 30 and 60 em 
deep. Water velocities were generally slow at spawning sites with 14 out of 15 successful 
tubes having less than 0.15 m/sec flowing through or adjacent to them. One successful tube 
had a flow of0.22 m/sec. 
Table 5.8 Number of successful spawning tubes in each habitat type. 
Habitat type 
head of pool mid-pool foot of pool run 
successful tubes in 1991 - - - 1 
successful tubes in 1993 - 3 1 3 
successful tubes in 1994 3 2 1 1 
Table 5.9 Stream characteristics at successful spawning tube sites. Standard deviations 
are shown in parentheses. 
Mean Depth (em) Mean water Mean distance 
velocity (m/sec) from bank (em) 
successful tubes in 1993 39 (11) 0.11 (0.07) 103 (53) 
successful tubes in 1994 36 (8) 0.05 (0.05) 114 (38) 
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Time to hatching 
The exact time to hatching was difficult to determine for most of the egg masses because of 
the lack ofprecision in determining the precise date of spawning. However, two ofthe 
seven egg masses observed in 1993 ( #60 and # 11) can be traced to a single 24 hour period 
(Table 5.10). There was very little temporal difference in development between eggs in any 
one egg mass, suggesting that all eggs in an egg mass were laid at the same time. The egg 
mass in tube #60 commenced to hatch 15 days after spawning with tube # 11 commencing 
hatching after 17 days. Hatching in most egg masses took several days with most eggs 
hatching over a period of two to three days. 
The egg masses from the 1994 spawning season were not returned to the laboratory but 
remained in situ in the river. Consequently obtaining accurate times to hatching was 
difficult because ofthe remoteness of the study site. However, it can be seen that possible 
hatching times for most of the egg masses encompasses the 15-17 day period recorded in 
1993. The exception is egg mass # 19 which hatched at most between 12 and 14 days after 
spawning (Table 5.10). Hatching in this egg mass was approximately 70% complete when 
first observed on 28/12/94. The water temperature in the river at this time varied between 
13.5 C and 23.5 °C, considerably higher than the constant temperature of 15 oc under 
which the 1993 egg masses were incubated. 
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Table 5. Time to hatching for bispinosus egg masses 
Cotter River. 
Tube Possible spawning Date at First at which 
No. date range Hatching 95% hatched 
#38 28/11/93-3/12/93 20/12/93 23/12/93 
and the upper 
Days to first 
hatching 
17-22 
*Spawning tube left in river so precise hatching date unknown. Date at First Hatching 
indicates date when hatchlings were first observed in tube in the field. 
Emb1yonic development 
The timing of significant features during embryonic development for one egg mass are 
shown in Table 5.11. The eggs had a small perivitelline space with numerous small oil 
droplets visible (Plate 5 .2b ). By day 6 the notochord was clearly visible (Plate 5 .2c ), with 
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the commencement of eye pigmentation starting around day 12 (Plate 5.2e) and all embryos 
well "eyed' by day 15 (Plate 5.2f). 
Table 5.11 Development of embryonic features in a single egg mass of G. bispinosus 
raised at a constant temperature of 15 °C. 
Days post fertilisation Developmental features 
1-4 numerous small oil droplets visible at top of egg 
6 Embryonic notochord and myomeres clearly visible 
8 Otoliths apparent, first movement of embryo 
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(a) Day 2 (b) Day4 
(c) Day 6 (d) Day 9 
(e) Day 13 (f) Day 16 
Plate 5.2 Development of embryonic features in G. bispinosus eggs. Day number is 
days since fertilisation. 
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Development of the eleutheroembryos 
The eleutheroembryonic phase commences with hatching and lasts until most or all of the 
yolk is digested and the fish begins to feed externally (Balon 1975b ). Blackfish do not have 
a "larval" period as the formation and ossification of the axial skeleton and the 
disappearance of the median fin fold (differentiation of the fins) occurs before the transition 
to exogenous feeding (Balon 1975b). G. bispinosus goes directly from the 
eleutheroembryonic phase to the juvenile period. 
Hatching in G. bispinosus commences tail-first (Plate 5.3a) with the eleutheroembryo 
emerging from the ruptured chorion but the yolk sac remaining inside, effectively tethering 
the eleutheroembryos to the spawning substrate. Eleutheroembryos were approximately 7 
mm total length upon hatching, with a large ovoid yolk sac approximately 4. 5 mm by 3. 5 
mm in dimension (Plate 5.3b). The eleutheroembryos upon hatching are unpigmented with 
a non-functional mouth and a well developed continuous dorsal and anal fin-fold. 
Flexion of the notochord commenced approximately five days after hatching, as did the 
commencement of differentiation ofthe dorsal, caudal and anal fins (Plate 5.3c). Pre-
flexion eleutheroembryos are largely unpigmented with scattered melanophores on the head 
and nape. By day 11-12 eleutheroembryos were capable of short bursts of directional 
movement, previously only undirected body flexing was observed.. By day 15, 
melanophores are present along the entire dorsal surface and by day 18 are clearly visible on 
lateral and post-anal ventral surfaces. By day 15 the dorsal, anal and caudal fins are fully 
differentiated (Plate 5.3d) and fish can swim vigorously for short bursts. The yolk sac is 
greatly reduced by day 20 and is not evident by day 26 (Plate 5.3e&f) 
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(a) Day 1 (b) Day 1 (6.7 mm) 
(c) Day 6 (10.0 mm) (d) Day 15 (11.7 mm) 
(e) Day 20 (13.7 mm) (f) Day 26 (15.5 mm) 
Plate 5.3 Development of G. bispinosus eleutheroembryos after hatching. 
Day number is days since hatching. Total length of the specimens is 
indicated in parentheses. 
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Growth of eleutheroembryos and size at independence 
Eleutheroembryos were between 6.4 and 7.6 mm total length on hatching and grew to 
approximately 15.5 mm after 26 days (Figure 5. 6) when parental care ceased in the single 
tube in-situ in the river. The lengths of six free-swimming juveniles captured in a light-trap 
in mid-January 1994 ranged in total length from 15.6 mm to 16.85 mm. 
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Figure 5.6 Growth in Total Length (mm) of eleutheroembryos after hatching. 
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Length of parental care 
The definition of parental care used here is that ofBaylis (1981) and is defined as "any aid, 
behavioural or material given by either parent after zygote formation that results in 
increased survivorship of the zygotes of the current reproductive effort". The period of 
parental care was monitored in a single tube in 1993/94 and six tubes in 1994/95. In 
1993/94 the guard fish was still present with at least 40 of its offspring on 19/1/94 but was 
no longer present on 23/1/94, with only 4 juveniles remaining. From a calculated spawning 
date of 12/12/93, this represents a parental care period ofbetween 39 and 42 days. The 
guard fish in the 1994/95 spawning season remained with their young for periods ranging 
from 32 to 51 days (Table 5.12) until the second-highest daily January rainfall on record 
(108 mm on 20/1/95) destroyed or washed away the young. 
Table 5.12 Minimum and maximum length of parental care in G. bispinosus in the 
1994/95 breeding season. 
Tube No. Estimated guard fish and guard fish and parental care 
spawning date young still present young absent period (days) 
#11 1/12/94 16/1/95 23/1/95 47-51 
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In tube #60 approximately 50% of the eggs had hatched by 3/1/95 but four days later the 
guard fish and young were gone. It is thought this brood must have failed as the 
eleutheroembryos would have been too immature to survive independently. 
Although the period of parental care in the 1994/95 season was cut short by flooding, it is 
clear that the period of parental care is lengthy with approximately six weeks between 
spawning and juvenile dispersal. The behaviour of the guard fish during this period was 
difficult to observe inside the spawning tubes. However, on each inspection the adult fish 
was present above the eggs/eleutheroembryos and was slowly fanning its pectoral fins. 
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DISCUSSION 
Gonad development, fecundity and spawning season 
The seasonal cycle of ovarian development recorded in the current study is similar to that 
reported for G. bispinosus from King Parrot Creek in Victoria by Sanger (1986, 1990). He 
recorded females with gravid ovaries (egg diameter> 2.0 mm) between the months of 
September and December whereas the current study recorded them during November and 
December only. Sanger's study was carried out at considerably lower altitudes where the 
winter and spring water temperatures are likely to be less severe than in the upper Cotter 
River, where the minimum surface temperature from April to August was approximately 
1 °C and the maximum surface temperature in July and August was less than 5 °C. These 
colder water temperatures in the current study may have slowed egg development during 
these months, thus delaying the potential to spawn. The current study recorded spawning 
dates for G. bispinosus between late-November and mid-December. Jackson (1975) 
reported that mature female G. marmoratus were present in November and December in the 
Aberfeldy River in Victoria and that by early December most females had spawned. In the 
Mckenzie River in Victoria, Jackson ( 1978a) recorded spent females of G. marmoratus in 
mid-November, with egg masses and eleutheroembryos located from mid-November to 
mid-December. Koehn & O'Connor (1990a) cite December to early January as the 
spawning season for G. marmoratus but give no details. There appears to be little variation 
in the spawning season between either geographically separated populations or species in 
the Gadopsidae. 
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The lack of a macroscopically apparent seasonal change in testis appearance is also in 
agreeance with Sanger (1986) who found that testis wet weight never exceeded 0.2% of 
body weight for either G. bispinosus or G. marmoratus. Stockley et al. (1997) found that 
the GSI for male fish increases with increasing sperm competition across species. Sperm 
competition occurs when the sperm of two or more males compete to fertilise the eggs of a 
female (Parker 1970). The small testis size and GSI in G. bispinosus may indicate that there 
is little sperm competition, probably due to the territorial and parental care behaviour in this 
species (see below). 
Sanger (1986, 1990) reported that larger female G. bispinosus matured and spawned earlier 
in the season than smaller individuals. This relationship between size and reproductive 
maturity was not evident in the upper Cotter River population although only a relatively 
small number of gravid females was examined. 
The linear relationship between total length and fecundity recorded in the present study is 
similar to that of Sanger (1986) for G. bispinosus and Jackson (1975) for G. marmoratus 
with fecundity being low in both species. In the upper Cotter River maximum fecundity for 
G. bispinosus was 396 for a fish of255 mm total length with Sanger (1990) recording a 
maximum of350 eggs in fish of207 mm total length. Jackson (1978a) reported that G. 
marmoratus will produce approximately 300 eggs at a total length of approximately 250 
mm, with Jackson & Llewellyn (1980) reporting that a 300 mm female produces about 500 
eggs. 
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Age at maturity 
The smallest gravid or spent females recorded in the present study were 135-140 mm total 
length and judged to be at the end of the second year, although not all females were mature 
at this age. Sanger (1986) also found that female G. bispinosus and G. marmoratus first 
matured at the end oftheir second year, while Jackson (1975) considered that 
G. marmoratus attained first maturity at a total length of> I 50 mm and in their third year. 
Location of natural spawning sites and utilisation of artificial spawning tubes 
The natural spawning site of G. bispinosus has not been located in the current study or 
other studies. Jackson (1978a) recorded the spawning site of G. marmoratus as being 
inside submerged hollow logs. The characteristics of these hollows were generally their 
small internal diameter (15-65 mm diameter) and presence of a through flow ofrelatively 
slow velocity. The discovery of these spawning sites led to the development ofP.V.C. 
spawning tubes (Jackson 1979) used in the current study. The lack of suitable submerged 
logs in the Cotter River system makes it highly unlikely that hollow logs are the usual 
spawning site for G. bispinosus in this river. However, the use by G. bispinosus of the 
lower surface of artificial spawning tubes gives some indication of the possible natural 
spawning site. The spawning tubes used for spawning were generally characterised by slow 
water velocities, with the smallest diameter tubes preferred which would limit access by 
vertebrate predators. The P.V.C. spawning tubes provide a firm substrate in an enclosed 
space which gives some degree of protection from predators such as birds or other fish 
species. Possible natural spawning sites in the Cotter River include sand, silt or gravel beds, 
undercut banks, stands of aquatic plants such as Myriophyllum sp., and the interstitial 
spaces in boulders and cobbles which are characteristic of G. bispinosus habitat. 
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Sand, silt or gravel beds are unlikely to be used because of the lack of a firm substrate to 
adhere the eggs to and the lack of cover from predators. Aquatic plants are also unlikely 
spawning sites because of the lack of a firm substrate to adhere eggs to and the difficulty in 
fanning the eggs, and removing sediment and invertebrate predators. If the roof of undercut 
banks were the natural spawning site it would have been expected that blackfish would have 
deposited eggs on the roof of the spawning tubes rather than the floor. Fanning by the 
guard fish of eggs on the roof of undercut banks would also be difficult. 
The most likely natural spawning site is in the interstitial spaces in boulders and cobbles. 
Such sites provide a firm lower surface which can be cleaned of any sediment to allow 
adherence of eggs, as well as providing cover from predators and respite from higher water 
velocities which could dislodge vulnerable eleutheroembryos. Further study is needed to 
confirm the location of the natural spawning site of G. bispinosus. 
Environmental cues for spawning 
Jackson (1978a) recorded that the daily minimum water temperature in the McKenzie River 
between spawning and hatching in G. marmora/us varied from 12 to 16 °C with the daily 
maximum over the same period ranging from 15 to 20 °C. Similarly, Sanger (1990) 
recorded a rapid rise in water temperature from about 12 °C to 1 7 °C coinciding with the 
onset of spawning in G. bispinosus in King Parrot Creek. Jackson et al. (1996) record that 
spawning occurs in G. marmora/us when water temperatures reach at least 16 °C. In the 
current study the onset of spawning also coincided with a rapid rise in maximum water 
temperature in November, with the maximum reaching 17-18 °C the week before spawning 
commenced in both 1993 and 1994. The spawning seasons ofboth species ofGadopsis 
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appear to show remarkable synchronicity between years and locations, suggesting that day-
length as well as rising water temperature may play a role in stimulating the onset of 
spawning. 
Egg characteristics, time to hatching and embryonic development 
The shape and dimensions of G. bispinosus eggs are similar to those for G. marmoratus 
(Jackson 1978a). In both species the fertilised egg is golden yellow, 3.5-4 mm at its largest 
diameter and flattened on the side of attachment to the substrate. In both species the eggs 
are laid in a single-layered, irregularly shaped mass on the bottom surface of the spawning 
site. The time to hatching of 15-17 days at 15 oc recorded for G. bispinosus in the current 
study is slightly longer than the hatching period of 14 days at 15 oc reported for G. 
marmoratus by Jackson et al. (1996). Jackson (1978a) recorded a hatching period for G. 
marmoratus of 16 days in the field with water temperature varying from 12 to 20 °C. 
In both Gadopsis species, the eleutheroembryo does not completely leave the ruptured 
chorion upon hatching, with the large yolk sac remaining inside the egg membrane and 
tethering the embryo to the spawning substrate. The size at hatching of approximately 7 
mm total length for G. bispinosus is similar to the 6-8 mm total length recorded for 
G. marmoratus (Jackson 1978a). The eleutheroembryos of G. bispinosus remained in the 
spawning tube for between 25 and 33 days after hatching although this upper limit is 
uncertain because flooding hastened the departure of juveniles in the 1994/95 season. 
Jackson (1978a) reported that G. marmoratus eleutheroembryos began to wriggle free of 
the ruptured chorion 19 days after hatching, and then burrowed into leaf litter on the 
bottom of the aquarium. He reported active foraging by the young fish in the leaf litter after 
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a further 7 days. The eleutheroembryos of G. bispinosus were free of the ruptured chorion 
at a much earlier stage, and in the spawning tubes in aquaria without guard fish, were falling 
out of the end of the tubes as soon as 6 days after hatching. Some of this movement out of 
the tube may have been caused by the process of inspecting the tubes in the aquaria, but 
eleutheroembryos at this age were exhibiting quite active and strong tail movement and 
appeared quite capable of undirected movement. In the tubes left in-situ in the river with 
guard fish, the eleutheroembryos were also free of the ruptured chorion at an earlier stage, 
with the fish able to swim vigorously 15 days after hatching. However, the young fish 
remained in a tight mass in the middle of the tube until ultimately dispersing some 10-18 
days later. The total length ofjuvenile G. bispinosus of approximately 15.5 mm when they 
finally left the tube agrees with the length of 15.25 mm of a free-feeding juvenile 
G. marmoratus reported by Jackson (1978a). 
Length and type of parental care 
All of the G. bispinosus egg masses examined were attended by an adult fish, with all of the 
attendant fish examined being adult males. Jackson (1978a) also recorded an attendant fish 
at three ofthe five G. marmoratus spawning sites he examined. The single attendant fish 
examined was also a male and he concluded that this suggested some form of parental 
guarding. Jackson eta/. (1996) also recorded male G. marmoratus guarding eggs. 
Balon (1975a, 1981) classified fish into 32 reproductive "guilds" based upon their 
reproductive behaviour, with three broad sections providing the initial division in the 
classification scheme. The three sections are : nonguarders, guarders and bearers and are 
defined as follows: 
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Nonguarders The eggs are fertilised externally and the zygotes are not cared for or carried 
by either parent, 
Guarders 
Bearers 
The zygotes are cared for by behavioural acts of one or both parents. Such 
acts are not restricted to aggressive defence, as might be implied by the term 
"guarding", but include oxygenation, removal of debris, removal of diseased 
or infertile eggs, splashing the eggs with water etc. The zygotes may be 
moved by the parents, but are not carried continuously for most of the 
period of parental care, 
The zygotes are carried for at least a portion of the embryonic period of 
development by one or both parents (Baylis 1981 ). 
Gadopsis bispinosus would be considered a "guarder" under this classification as the male 
fish oxygenates the eggs by fanning with the pectoral fins, and probably defends the eggs 
and eleutheroembryos from predators. The egg-fanning would also assist in preventing the 
deposition of sediment on the egg mass. Jackson et al. (1996) reported that in the absence 
of parental care, eggs of G. marmoratus became covered in a fine layer of silt and died. 
They state that in G. marmoratus the male guard fish actively cleans the eggs but do not 
report how this is achieved. 
The details of parental care behaviour (other than guarding and egg-fanning) in blackfish are 
unknown. Blumer (1979) listed 14 forms of parental care in bony fishes with guarding, nest 
building/substrate cleaning and fanning as the three most common behaviours respectively. 
Other behaviours which are likely or possible for G. bispinosus include egg cleaning, 
removal of dead or diseased eggs and retrieval of eleutheroembryos if they are displaced 
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from the spawning site. Further investigation of the details of paternal care behaviour in G. 
bispinosus would be productive. 
Jackson (1978a) considered that G. marmoratus was a member ofBalon's (1975a, 1981) 
"Speleophils" reproductive guild of fishes which is defined as "a polyphyletic guild offishes 
guarding their spawn in natural holes and cavities or in specially constructed burrows". If 
the natural spawning site of G. bispinosus is in the interstitial spaces of boulders and cobble, 
the it too would be considered a member of the 'Speleophils". 
Few teleost families exhibit parental care with 78% having no parental care, 11% with care 
by the male, 7% with care by the female and 4% with biparental care (Sargent & Gross 
1986, in Wootton 1990). In a review of217 fish families, Baylis (1981) found that parental 
care is four-times more common in freshwater families than in marine families, with 57.4% 
and 15.4% respectively showing some form of parental behaviour. The higher incidence of 
parental care in freshwater fish is thought to be related to the higher degree of 
environmental variability in freshwater environments. Parental care reduces the risk to the 
developing zygotes of such variability (Baylis 1981, Wootton 1990). 
Parental care is documented for a number of Australian freshwater fish species (Table 5.13) 
but there are few details published for most species. Parental care appears to be most 
common in the Gobiidae. The number of Australian species demonstrating parental care is 
likely to be larger than shown in Table 5.13 as the reproductive strategies of many gobiid 
species is unknown. Parental care in the Australian fish fauna is confined to care of the eggs 
with the exception ofblackfish and the mouth-brooding Ariidae and Osteoglossidae. 
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Table 5.13 Australian freshwater fish species reported to exhibit some form of parental care. 
Family Species Sex of Egg care Larval Reference 
care gtver care 
Gadopsidae Gadopsis marmoratus Male Yes Yes Jackson 1978a, Jackson eta/. 1996. 
Gadopsidae Gadopsis bispinosus Male Yes Yes This study, Jackson eta/. 1996 
Percichthyidae Maccullochella peelii Male Yes ? Rowland 1983, Harris & Rowland 1996 
Gobiidae Hypseleotris klunzingeri Male Yes No Lake 1967 
Gobiidae Phylipnodon grandiceps Male Yes No Llewellyn 1971, Allen 1989, Larson & Roese 1996 
Gobiidae Gobiomorphus coxii Male Yes No Llewellyn 1983, Larson & Roese 1996 
Gobiidae Gobiomorphus australis Male Yes No Cadwallader & Backhouse 1983 
Gobiidae Hypseleotris compressus Male Yes No Auty 1978, Larson & Roese 1996 
Gobiidae Hypseleotris galii Male Yes No Anderson et a/. 1971, Larson & Roese 1996 
Gobiidae Mogurnda adspersa Male Yes No Gale 1924, Hamlyn-Harris 1931, Larson & Roese 1996 
Gobiidae Mogurnda mogurnda Male Yes No Allen 1989 
Gobiidae Ophieleotris aporos Male Yes ? Allen 1989 
Gobiidae Oxyeleotris lineolatus Male Yes No Allen 1989 
Gobiidae Chlamydogobius eremius Male Yes No Allen 1989 
Gobiidae Pseudogobius olorum Male Yes No Allen 1989 
Gobiidae Amoya bifrenatus Male Yes? ? Cadwallader & Backhouse 1983 
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Table 5.13 (continued) Australian freshwater fish species reported to exhibit some form of parental care. 
Family Species Sex of Egg care Larval Reference 
care g1ver care 
Apogonidae Glossamia aprion Male Yes ? Llewellyn 1983, Pollard 1996 
Ariidae Artus graeffei Male Yes Yes Lake 1971, Llewellyn 1983, Pollard & Rimmer 1996 
Plotosidae Tandanus tandanus Male Yes No Lake 1967, 1971, Pollard et al. 1996 
Osteoglossidae Scleropages leichardti Female Yes Yes Lake 1971 
Osteoglossidae Scleropages jardini Female Yes Yes Allen 1989 
Kurtidae Kurtus gulliveri Male Yes No? Lake 1971, Allen 1989 
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Where parental care occurs in fish, it is more likely to be given by the male than the female 
(Blumer 1979~ Baylis 1978, 1981 ~ Breder & Rosen 1966), and this is certainly the case with 
the Australian freshwater fish fauna, with only the two osteoglossid species demonstrating 
female care. There is a suggestion that care in Tandanus tandanus may be biparental (Lake 
1967). 
Among Australian demersal egg layers, gadopsid species show the longest period of parental 
care with most Australian freshwater fish species caring for eggs for periods of several hours 
or days. The only Australian freshwater species with equivalent periods of parental care are 
the mouth-brooding osteoglossids and ariids. These species have extremely large eggs of 10 
14 mm diameter (Lake 1971),with the osteoglossids taking 1-2 weeks to hatch followed by the 
larvae with their large yolk sacs being kept in or close to the mouth for a further 4 or 5 weeks 
(Allen 1989). 
There have been a number of hypotheses as to how parental care has evolved and why it 
should be the male which cares for the brood. Trivers (1972) investment hypothesis depends 
on the relative size of the gametes and predicts maternal care as the female invests more in the 
production of larger oocytes than the male invests in small spermatozoa. Hence the male is 
more likely to desert the brood because he has the least to lose. Whilst this hypothesis may 
explain the high levels of maternal care in some terrestrial vertebrate groups, it does not 
explain the high levels of paternal care amongst fish, amphibians and birds. Dawkins & Carlisle 
(1976) suggested that male care among fish arises because the female generally spawns before 
the male, and so can then desert her partner leaving him to care for the brood. Loiselle (1978) 
found little supporting evidence for this argument as it did not account for the high prevalence 
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of male care in families with simultaneous expulsion of the gametes, where you would expect a 
random distribution of paternal, maternal and biparental care. Loiselle proposed that the high 
level of paternal care was based upon the limited availability of suitable spawning sites and the 
differential energetic unit-cost of producing ova and spermatozoa. Loiselle (1978) argues that 
the establishment of a breeding territory is selectively advantageous for fish with demersal eggs 
where breeding sites are in short supply, and the male is better placed to establish a breeding 
territory because of his relatively lower unit-cost of gamete production. Male desertion after 
spawning would only be profitable where there is a high probability of securing another 
breeding site, and where they are in short supply this would be unlikely. Persistence at the 
breeding site is favoured because of the immediate payoff to the territorial male in the 
continued opportunity to spawn. Loiselle also argues that the defence of a breeding territory 
would also provide some protection to the brood from predation, resulting in a greater survival 
of guarded fry over unguarded fry. Thus even if the likelihood of sequential mating was low, 
territorial behaviour would still be profitable. 
Both Blumer (1979) and Baylis (1978, 1981) questioned the validity ofthe argument for 
differential energetic cost of producing gametes. While it is true that an individual ovum will 
cost more than an individual spermatozoa, the total cost of gamete production in a 
reproductive season may not dramatically different. Males may produce many millions of 
spermatozoa and spawn repeatedly in a season compared with the much lower numbers of ova 
produced only once in a season. Blumer (1979) and Perrone & Zaret (1979) considered that 
male parental care in fish with external fertilisation may ensure a higher level of paternity by 
keeping other males away from the female at the time of egg release. Defence of a breeding 
territory will maximise the chance that the brood being guarded is genetically related to the 
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care giving parent. Werren et al. (1980) concluded that the level of paternity can only 
influence the evolution of male parental care where the male reduces his genetic costs by 
sacrificing the opportunity for promiscuous matings. Baylis (1978, 1981) argues that it is the 
relative rate rather than the energetic cost of production of gametes that determines the sex of 
the care-giving parent. Spermatogenesis requires less time than oogenesis. If breeding sites 
are limited, then territorial behaviour is selectively advantageous, and the male is favoured to 
be the territorial sex as he can produce new batches of fertile gametes at shorter intervals. 
Hence a male monopolising a breeding site for a given length of time will produce more 
offspring than a female occupying a site for the same time period. A territorial males success is 
limited by the number of females he can attract. 
Parental care by male G. bispinosus provides a number of benefits outlined in the above 
hypotheses. Gadopsis bispinosus is aggressive and pugnacious to conspecifics when kept in 
aquaria (Lintermans unpubl. data; Jackson et al. 1986) and is well equipped to defend a 
breeding territory. Male guarding of the eggs and eleutheroembryos would provide significant 
protection from predators. The provision of care would have allowed the species to develop 
fewer but larger, well-yolked eggs, thus eliminating the need for a small larval stage with 
exogenous food demands with its consequent high predation risks. The territorial behaviour 
has also increased the certainty of paternity for male G. bispinosus, thus reducing sperm 
competition and allowing a concomitant reduction in testis size and energetic investment in 
gamete production. The reproductive strategy of G. bispinosus has also reduced the 
opportunity for males to participate in multiple matings, either sequential or promiscuous, as 
the lengthy period of parental care probably limits the species to a single brood per year, with 
males unable to defend more than one brood at a time. This loss of mating opportunities 
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would also reduce the energetic costs of breeding for the male, as resources directed at gaining 
additional matings or increasing testis size and spermatozoa number are now unnecessary. 
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CHAPTER6. THE CONSERVATION BIOLOGY OF GADOPSIS 
BISPINOSUS: SUMMARY AND FUTURE DIRECTIONS 
Prior to the commencement of this study there was little information published on the 
ecology of G. bispinosus. Some broad habitat associations had been noted (cool, clear, 
rocky-bottomed streams)(Sanger 1984) and a relationship between abundance and instream 
cover (Koehn 1987). 
In Chapter 2 the distribution and abundance of G. bispinosus in southern NSW was 
investigated with the species recorded at 16 of 119 sites surveyed. At most sites where they 
were recorded, G. bispinosus was abundant, and was invariably found in association with 
one of the trout species. G. bispinosus was found to be restricted to cool, clear upland 
streams with rocky, cobble bottoms and relatively intact forest vegetation. It was 
hypothesised that the presence of the species in the upper Murrumbidgee drainage was due 
to stream capture, in which the headwater streams from the Murray drainage have been 
captured by the Murrumbidgee drainage. The streams where G. bispinosus was recorded in 
the Canberra region were in roughly parallel catchments and were all isolated from each 
other by either man-made barriers or unsuitable downstream habitats. The level of genetic 
differentiation between these isolated sub populations is unknown. 
Interpretation of historical reports ofblackfish distribution in NSW indicated that G. 
bispinosus had suffered declines in some rivers with the species now apparently absent from 
the Yarrangobilly River and the Murrumbidgee, Naas, and Paddys rivers in the ACT. The 
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decline is thought to have been due to habitat degradation, particularly sediment addition, 
which has reduced the cover available by filling the interstitial spaces in the cobble substrate 
favoured by G. bispinosus. The invariable association of G. bispinosus with introduced 
trout species and habitats with abundant cover, suggests that trout may have played some 
part in the current distribution of G. bispinosus by excluding them from sub-optimal 
habitats. 
In Chapter 3 the movements of G. bispinosus was found to be very restricted with a home 
range of approximately 15 metres estimated for adult fish. Recapture rates were high, 
particularly in adult fish, in comparison with other studies of freshwater fish, indicating that 
adult G. bispinosus are particularly sedentary. This was in agreement with the results for 
G. marmoratus ofKoehn (1986) who recorded a home range of approximately 20m. 
The home ranges of G. bispinosus were found to be stable from year to year with fish able 
to maintain their position in the stream over the high flow periods of winter and spring. On 
the basis of aquarium observations of pugnacious and aggressive behaviour between adult 
G. bispinosus, it was considered that these home ranges may be considered territories under 
the definition of(Gerking 1953) who defined a territory as "any defended area". 
The diet of G. bispinosus was documented in Chapter 4 with distinct seasonal and 
ontogenetic differences apparent in the diet. Juvenile fish consumed predominantly smaller 
items such as early instar ephemeropterans and chironomid larvae with some trichopterans 
present in the diet. The proportion of trichopterans in the diet increased with increasing fish 
size, with the importance of ephemeropterans and dipterans inversely related to fish size. 
Terrestrial items were not present at all in the stomachs of juvenile fish, were of minor 
159 
importance to immature fish, but were a major dietary item of adults. Terrestrial items were 
most abundant in the diet ofboth immature and adult fish in summer and autumn. The diet 
of Rainbow Trout 0. mykiss was also examined in Chapter 4, with significant dietary 
overlap apparent between 0. mykiss and G. bispinosus. As with G. bispinosus, the diet of 
0. mykiss was dominated by ephemeropterans, trichopterans and terrestrial items. Dietary 
overlap was greatest between similar size classes ofboth species, with some seasonal 
pattern evident. Significant overlap occurred between the non-adult G. bispinosus and 
juvenile 0. mykiss in all seasons except autumn. Overlap was greatest between mature 
blackfish and non-juvenile trout with significant dietary overlap recorded in all seasons. 
Although competition cannot be demonstrated unless a resource is limited, it was 
considered that the consistent significant overlap values indicate the dietary competition is 
likely between these two fish species. 
The reproductive ecology of G. bispinosus was documented in Chapter 5 and found to be 
similar to that recorded for G. marmoratus by Jackson (1978a). Both blackfish species 
deposit large, yolky, adhesive, demersal eggs in late spring/early summer when water 
temperatures exceed 16-17 °C. Fecundity in G. bispinosus is low with less than 300 eggs 
carried by most females. The natural spawning site was not located but is thought to be in 
the interstitial spaces between cobble and boulders on the river bed. 
Artificial P.V.C. spawning tubes proved successful with a total of 15 egg masses deposited 
in them over the course of the study. The numbers of eggs in each egg mass were within 
the fecundity estimates of individual fish, and all eggs within a mass were at the same stage 
of development, indicating that a single fish is probably responsible for each egg mass. A 
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large adult male was present with each egg mass. Eggs hatched after approximately 15-17 
days, with the embryo emerging from the chorion but the yolk sac remaining inside, 
effectively tethering the young to the spawning substrate. Parental care by the male 
continued for approximately 3-4 weeks after hatching, by which time the yolk sac was 
almost fully utilised and young blackfish could swim well. 
Conservation issues for Gadopsis bispinosus 
The major issues which are likely to impact on the distribution and conservation status of G. 
bispinosus are habitat destruction or modification, and the effects of introduced species. 
The potential impacts of habitat destruction or modification were discussed in Chapter 2, 
and the potential effects of introduced species are discussed below. 
Effects of introduced species 
The establishment of introduced fish species is often cited as a cause of native fish declines 
in Australia although much of the evidence is anecdotal. This is because the majority of 
introduced species became established in the mid to late 1800s when the distribution and 
abundance of native fish were poorly known or documented. However, there is convincing 
evidence of the Galaxiidae being adversely affected by the presence ofboth Brown Trout 
and Rainbow Trout (Tilzey 1976; Frankenberg 1966; Fletcher 1979; Cadwallader 1979b; 
Cadwallader & Backhouse 1983; Jackson 1981; Jackson & Williams 1980; Lintermans & 
Rutzou 1990) The main interactions between trout and native species are thought to be 
predation and competition for feeding, spawning or territorial requirements. Gadopsis 
bispinosus was invariably found associated with trout in the present study and Koehn 
(1990) found Brown Trout and Rainbow Trout at 95 and 50% respectively of sites in 
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Victoria where G. bispinosus was recorded. He did not state whether there were any sites 
where G. bispinosus was recorded without trout being present. Brown Trout was first 
introduced into the Canberra region in 1888, being one ofthe first areas ofNew South 
Wales to be stocked (National Trust of Australia 1980). Rainbow Trout was first 
introduced into Australia and New South Wales in 1894 (Faragher 1986), so both trout 
species have been established in south-eastern New South Wales for a century or more. It 
appears that G. bispinosus can coexist in its preferred habitat with trout, but what of sub-
optimal habitats? The lack of information on the historical distribution of G. bispinosus, 
coupled with the absence of streams where the species exists without trout, means that the 
impacts of trout on G. bispinosus are unknown. It is also not known whether G. bispinosus 
has changed its habitat preferences or utilisation patterns (as galaxiids have done) in 
response to the presence of trout. Both Brown Trout and Rainbow Trout are known to 
prey on G. bispinosus (Sanger 1990; Lintermans 1991b; see Chapter 4) and it is possible 
that G. bispinosus can only exist with trout in optimal habitats with abundant refuges such 
as those provided by the interstitial spaces in cobble and boulder substrates. If sites can be 
found where G. bispinosus occurs without trout, it would be worthwhile investigating 
whether the habitat preferences of G. bispinosus are similar to those at sites where trout are 
present. 
Another potentially serious impact of introduced species is their ability to introduce or 
spread foreign diseases and parasites to native fish species. Carp Cyprinus carpio or Redfin 
Perch Perea fluviatilis are considered to be the source of the Australian populations of the 
parasitic copepod Lernaea cyprinacea (Langdon 1989a). This copepod has been recorded 
on introduced trout species and Goldfish as well as a number of native fish species in the 
162 
Murray Darling Basin including Murray Cod, Golden Perch, Silver Perch (Langdon 1989a), 
Macquarie Perch, and Mountain Galaxias (Lintermans unpubl. data). This parasite has 
recently also been recorded on a native frog species, Perons Tree Frog Litoria peronii in the 
Cotter River in the ACT (Lintermans unpublished data). Lernaea has not yet been recorded 
on G. bispinosus, but the potential is real as it has been recorded on the closely related 
River Blackfish G. marmoratus (Langdon 1989a). 
Carp or Mosquito fish Gambusia holbrooki are also considered the source of the Asian fish 
tapeworm Bothriocephalus acheilognathi which has recently been recorded from the native 
fish species Western Carp Gudgeon Hypseleotris klunzingeri in the Canberra region (Dove 
eta/. 1997). This is the first record of this parasite in Australia, which is known to cause 
high levels of mortality in juvenile fish overseas, and may have similar effects on local native 
species. This species has a low host-specificity at both stages of its life cycle with the adult 
stage recorded from at least 50 species offish in five orders (Dove eta/. 1997). 
Of more concern is the recent identification in Australia of the disease Epizootic 
Haematopoietic Necrosis Virus (EHNV). This virus, unique to Australia, was first isolated 
in 1985 on the introduced fish species Redfin Perch (Langdon et a/. 1986) It is 
characterised by sudden high mortalities of fish displaying necrosis of the retial 
haematopoietic tissue, liver spleen and pancreas (Langdon & Humphrey 1987). The disease 
also affects trout species who can act as vectors. Experimental work by Langdon (1989a, 
b) has demonstrated that a number of native fish species were extremely susceptible to the 
disease, but gadopsids have not been examined. 
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EHNV was first recorded from the Canberra region in 1986 when an outbreak occurred in 
Blowering Reservoir near Tumut (Langdon & Humphrey 1987). Subsequent outbreaks 
have occurred in Lake Burrinjuck in late 1990, Lake Burley Griffin in 1991 and 1994, Lake 
Ginninderra and Googong Reservoir in 1994. The spread ofEHNV has been aided by its 
relatively resistant characteristics and can be readily transmitted from one geographical 
location to another on nets, fishing lines, boats and other equipment. Langdon (1989b) 
found that the virus retained its infectivity after being stored dry for 113 days. Once EHNV 
has been recorded from a water body it is considered impossible to eradicate. 
Additional interactions with introduced species are likely to have occurred in the 
Goodradigbee River as Lake Burrinjuck has been stocked with Atlantic salmon Salmo salar 
since 1963 (Francois 1965; Clements 1988). 
The effects of predation by introduced trout on the ecology of G. bispinosus 
The significant dietary overlap between G. bispinosus and 0. mykiss demonstrated in the 
current study is a strong indication that these two species compete for food resources. 
However, direct competition for resources is only one of a number of potential impacts of 
introduced species (Fletcher 1986) with the major impact oftrout in Australia being through 
predation (Cadwallader 1996; Wager & Jackson 1993; Koehn & O'Connor 1990a). One of 
the key reasons for the success of trout in Australia is considered to be the relative lack of 
indigenous piscivorous fish (Tilzey 1977). In the upland waters ofthe Canberra region 
there were only four species of native fish historically present: Macquarie Perch Macquaria 
australasica, Mountain Galaxias Galaxias olidus, Two-spined Blackfish and Trout Cod 
Maccullochella macquariensis (Lintermans 1991b). Ofthese four species, it is only Trout 
164 
Cod which may have had a significant component of fish in its diet, with blackfish and 
Macquarie Perch being primarily invertebrate predators (see Chapter 4; Sanger 1990; 
McKeown 1934b; Bishop & Tilzey 1978; Lintermans unpubl. data). The lack of predator 
avoidance behaviour in Mountain Galaxias has been postulated as a major reason 
contributing to the decline of this and other galaxiid species in the presence of trout 
(McDowalll968; Tilzey 1977; Closs 1994) and this lack ofpredator escape mechanisms 
may also be similar for Two-spined Blackfish. The low incidence of G. bispinosus in the 
stomachs of 0. mykiss is not necessarily an accurate reflection of the frequency of 
predation. Consumption rates for eggs and larval fish are underestimated by the 
examination of stomachs (Crowder 1980) with laboratory studies indicating that larval fish 
are recognisable for only an hour or two after consumption (Meffe 1985; Crowder 1980). 
Eggs are likely to be recognisable for even shorter periods. Meffe (1985) concluded that 
even a low predation rate on fish fry (or presumably eggs) could have a significant impact if 
the target species has low fecundity or if the predator is abundant, both scenarios which 
apply to G. bispinosus and 0. mykiss or S. trutta. 
Both G. olidus and G. bispinosus are potentially at an immediate disadvantage in that trout 
breed earlier in the season and so are comparatively larger than the native fish species at any 
particular time. The fact that blackfish can coexist with trout is probably due to a number 
of other critical reproductive and behavioural traits which are absent in G. olidus. Galaxias 
olidus is essentially a diurnal, mid-water schooling species inhabiting pools and feeding 
throughout the water column in the absence of trout (Tilzey 1976; Cadwallader eta/. 1980; 
McDowall & Fulton 1996; Closs 1994; Closs & Lake 1994; O'Connor & Koehn 1991). 
Such behaviour would make them particularly prone to predation by trout, whereas 
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blackfish are a nocturnal, solitary, benthic species with a consequent reduced exposure to 
trout predation. The preference of G. bispinosus for habitats with structurally complex 
cobble substrates would also provide more refuge from predators. Glova (1990, in 
Cadwallader 1996) in a series of tank experiments, recorded that fry of Galaxias vulgaris (a 
free-swimming, mid-water species) were more susceptible to trout predation than juvenile 
bullies (Eleotridae ), a bottom-dwelling fish. Predation on both species was reduced by the 
presence of complex cobble substrates. The interaction between habitat complexity and 
predation risk has been noted in a number of other studies (Schlosser 1987, 1988; Crowder 
& Cooper 1982; Eklov 1997; Koehn et al. 1994; Werner et al. 1983). 
The reproductive strategy ofblackfish is also likely to facilitate greater egg and juvenile 
survival in the presence of a predator such as trout, in comparison to G. olidus. Both 
species ofblackfish deposit large, adhesive eggs in inaccessible locations such as hollow 
logs or substrate interstices and then care for the eggs and young for a considerable length 
oftime (See Chapter 5; Jackson 1978a; O'Connor & Koehn 1991). Gadopsis bispinosus 
upon hatching are tethered to the substrate by the large yolk sac still inside the egg 
membrane, with the male remaining to care for the young until the yolk sac is almost fully 
utilised (see Chapter 5). Such a reproductive strategy not only minimises egg predation by 
fish and invertebrates, but also produces juvenile fish of an advanced size with greater 
swimming capabilities for evading predators. By contrast, G. olidus deposits demersal 
adhesive eggs with no parental care, resulting in larvae being exposed to potential predators 
immediately upon hatching. The habitat preference of juvenile G. bispinosus of shallow 
( <1 0 em depth) backwater and edge habitats where trout are not found is also likely to 
provide some added protection from trout predation. 
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The current distribution of G. bispinosus and its invariable association with one or both 
trout species may represent the elimination of G. bispinosus from sub-optimal habitats with 
low substrate complexity and a lack of interstitial refuges. Predation pressure from trout is 
the most likely factor causing such a distributional pattern. In the upper Cotter River 
predation pressure by trout on the juvenile size class of G. bispinosus is likely to be 
significant year round, with predation risk to the larger immature and adult blackfish likely 
to increase during the trout spawning season. At this time the maximum size and density of 
trout in the river increases as large fish move out of Corin Reservoir into the river to spawn. 
Relatively few large trout could be sampled at this time of year due to high flows and the 
ability of large fish to "outswim" the electro fisher field, but 21.4 % of non-juvenile trout 
collected had blackfish in their stomachs. A number of adult blackfish sampled at this time 
also had bite marks around their body which could only have been inflicted by large trout. 
Sampling of 0. mykiss populations in Bendora Reservoir on the mid-Cotter River has 
recorded blackfish of 177 mm total length in the stomach of a 300 mm trout (Lintermans 
unpubl. data), clearly illustrating that adult blackfish can be taken by trout of only moderate 
SIZe. 
Koehn (1987) recorded a nine-fold increase in the abundance of G. bispinosus after the 
installation of an artificial complex habitat consisting of boulders and a log weir. Both 0. 
mykiss and S. trutta were present in the fish community and these species showed a two-
fold increase over the same three-year period. Because this study only contains a single 
sample before and after the habitat improvement works, the results need to be interpreted 
with caution. The factors behind the increase in blackfish abundance are unknown but 
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could include the lessening of predation pressure through the provision of refuges, and/ or an 
increase in the occurrence of deeper, slower instream areas. Further investigation is needed 
to clarity the relative importance of trout predation on G. bispinosus. 
Areas for future investigation 
Although the current study has provided much information on the ecology of G. bispinosus, 
there are still significant gaps to be filled by future research programs. Future areas of 
potentially productive research are outlined below. 
Genetics of isolated subpopulations 
The populations of G. bispinosus in the upper Murrumbidgee catchment are geographically 
isolated from the main distribution of the species in the upper Murray catchment. Similarly, 
the sub-populations in the upper Murrumbidgee (Goodradigbee River, Cotter River, 
Goobarragandra River and Mountain Creek) are isolated form each other. Only in the 
Cotter River in the ACT is G. bispinosus a protected species. 
Species with small or fragmented geographic ranges are more susceptible to stochastic 
environmental or demographic processes and so have a higher probability of decline or 
extinction than do widespread species (MacArthur & Wilson 1967; Terborgh & Winter 
1980; Leigh 1975; Gilpin 1987; see Chapter 2). Disjunct populations often exhibit 
discontinuous genetic structures which are important in delineating stock structure. The 
identification of stock structure has important implications for conservation management as 
the conservation of genetic diversity is now an integral part of conservation strategies 
(ANZECC 1996). 
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There have been no comparative genetic studies on G. populations the 
Canberra region and level of genetic divergence among these populations is unknown. 
However, a relatively high level of genetic divergence has been shown for isolated Victorian 
populations of G. bispinosus (Waters 1991). Investigations ofthe genetic structure of G. 
bispinosus populations in the ACT, Victoria and NSW is recommended. Depending on the 
results of these suggested genetic investigations, management action may be required. Such 
actions could include consideration of active, controlled translocations to minimise the 
effects of reduced gene flow between artificially isolated populations of G. bispinosus. 
However, until information on the genetic structure of the various sub-populations is 
available, a conservative genetic management strategy is recommended and translocations 
between populations should be prevented. 
Effects of trout on habitat preferences of G. bispinosus 
Gadopsis bispinosus was invariably found associated with trout in the present study and can 
obviously coexist in its preferred habitat with trout, but what of sub-optimal habitats? The 
lack of information on the historical distribution of G. bispinosus, coupled with the absence 
of streams where the species exists without trout, means that the impacts of trout on G. 
bispinosus are unknown. It is also not known whether G. bispinosus has changed its 
habitat preferences or utilisation patterns (as galaxiids have done) in response to the 
presence of trout. 
If sites can be found where G. bispinosus occurs without trout, it would be worthwhile 
investigating whether the habitat preferences of G. bispinosus are similar to those at sites 
where trout are present. 
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Temporal feeding patterns of G. bispinosus 
The high degree of significant dietary overlap and the apparent lack of habitat partitioning 
between G. bispinosus and 0. mykiss indicates that direct competition for food resources is 
likely between these two species. However, direct competition may be lessened through 
temporal partitioning of feeding activity, as has been shown in a number of other studies 
(Kusabs & Swales 1991; Glova eta!. 1992; Scrimgeour & Winterbourn 1987). 
Oncorhynchus mykiss is essentially a diurnal feeder although some nocturnal foraging 
occurs, but usually at reduced efficiency (Jenkins et al. 1970; Bisson 1978; Angradi & 
Griffith 1990; Tippets & Moyle 1978). In contrast, blackfish are considered a nocturnal 
predator (Koehn et al. 1994; Merrick & Schmida 1984), although whether they are also 
crepuscular is unknown. 
Reproductive behaviour and natural spawning site selection by G. bispinosus 
Although much of the reproductive characteristics of G. bispinosus have been documented 
in the current study, there are still some important gaps to be filled. The natural spawning 
site has not been located, and although suspected of being in the interstitial spaces of cobble 
and boulders, this needs to be confirmed. Another avenue of productive study would be the 
investigation of parental care behaviour in G. bispinosus. Does the species actively clean 
the spawning site, remove dead or dying eggs, and retrieve displaced young? The utilisation 
of artificial spawning tubes and the improvements in underwater video surveillance 
equipment provides an intriguing opportunity to detail these behaviours. 
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Daily movements of G. bispinosus 
Chapter 3 documented the home range of bispinosus based on monthly sampling 
intervals. This technique is open to criticism in that the movement of individual fish 
between the monthly sampling events is unknown. The sampling frequency could be 
increased but this would run the risk of disturbing natural behaviour patterns of the fish 
involved. A more informative approach would be to track individual fish constantly over a 
period of days with radiotelemetry being the obvious tool to utilise. However, 
radiotelemetry is not currently a viable option for fish the size of G. bispinosus and so could 
not be employed in the current study. Should future technological advances allow the 
minaturisation of transmitters to a size and weight where they could be used in G. 
bispinosus, the daily movements of this species would be worth investigation. 
The future for blackfish 
Both forms of G. marmoratus and G. bispinosus have undergone declines in abundance 
and/or distribution and these declines may still be continuing. There is a clear need for 
further monitoring programs for these and other declining fish species. The task of 
monitoring biodiversity in terrestrial and aquatic ecosystems usually falls to under-resourced 
State or Territory national parks and fisheries agencies. The costs of conducting rigorous 
monitoring programs which are capable of detecting change at an early stage are substantial, 
and are a long-term commitment if they are to be ofvalue. Consequently most monitoring 
programs are directed at species which have a commercial or recreational value, or are 
already in serious decline. Co-ordination of monitoring programs is often hampered by 
political boundaries, with G bispinosus occurring in three States or Territories even though 
its distribution on a national scale is quite restricted. The implementation of multi-
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jurisdictional monitoring programs for fish species before they are endangered is a priority. 
Never has the phrase "out of sight, out ofmind" been more applicable than to our often 
invisible fish communities. If we are to ensure that our aquatic heritage is available for 
future generations to appreciate, comprehensive monitoring programs need to be 
established now. 
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Appendix 1. Location of sampling sites in the 
River catchment 
Site 
No. 
1 
Location 
study of the middle and lower Cotter 
Date Altitude (rn) Stream 
order 
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Appendix 2. Numerical abundance offish species at each site in the pilot study of the 
middle and lower Cotter River catchment. 
Site Site Name Stream Gadopsis Galaxias Oncorhynchus Salmo 
Order 
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Appendix 3. Questionairre sent to anglers 
SURVEY OF THE DISTRIBUTION AND ABUNDANCE OF FRESHWATER 
BLACKFISH IN 
THE ACT AND NSW. 
Please return all questionnaires to: 
Mark Lintermans 
Wildlife Research Unit 
ACT Parks and Conservation Service 
P 0 Box 1119 
TUGGERANONG ACT 2901 
If you have any questions about this questionnaire please ring-Mark Lintermans on (06) 295 
6338 (BH). 
Place a mark in boxes provided and fill in blank questions. 
PLEASE PRINT DETAILS. Thank you. 
1. What is your name and postal address? 
NAME: 
-------------------------------------------------------
POSTAL ADDRESS: ____________________ _ 
(Names and addresses will only be used if further clarification is required.) 
2. Where have you caught blackfish in NSW or the ACT? 
(Please write: (a) the name ofthe river system, (b) the location within the river system, and 
(c) the nearest town to where you caught the fish) 
eg. (a) Goodradigbee River (a) 
RIVER 
(b) Micalong Creek (b) 
LOCATION 
(c) Wee JasQer (c) 
TOWN 
(a) (a) 
(b) (b) 
(c) (c) 
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Please attach another sheet if not enough room. 
3. What was the approximate year you caught the blackfish at each of the above locations 
(if caught over a number of years, indicate the time span over which you have caught 
blackfish). 
4. How did you'catch the fish? (eg. flyfishing, caught in bait trap, angling, set lines). 
5. Were you deliberately fishing for blackfish or were they just accidentally caught? 
Deliberate Accidental [ ] 
Do not know 
[ ] 
[ ] Notes: _______________ _ 
6. What other fish species did you catch at each of the above locations? 
7. What season of the year did you catch blackfish? 
Winter [] Spring [] 
Autumn [ ] All seasons [ ] 
Summer [] 
Do not know [ ] Various [] 
Notes: ____________________________ _ 
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8. What time ofthe day did you catch blackfish? (day or night) 
Morning [ ] Afternoon [ ] Night [ ] 
Do not know [ ] Notes: ____________________ _ 
9. Have you fished the above locations over a number of years? 
(If so, indicate time span eg. 1966- 1978.) 
10. How often have you caught blackfish at each of the above locations? 
Regularly [ ] Occasionally [ ] Rarely [ ] Notes: _____ _ 
11. How abundant do you think blackfish are at each of the above locations? 
Common [ ] Uncommon [ ] Rare [ ] 
Do not know [ ] Notes: ___________________ _ 
12. Do you think the abundance ofblackfish at each of the above locations has changed 
over the years? If so, has it:-
increased substantially [ ] 
increased slightly [ ] 
stayed the same [ ] 
decreased substantially [ ] 
decreased slightly [ ] 
do not know [ ] 
Notes: ____________________________ _ 
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13. Approximately what was the average length and weight ofblackfish caught at each of 
the above locations (please indicate whether measurements are in inches or centimetres, 
pounds or kilograms ) ? 
Length Weight 
14. What was the largest blackfish caught at each of the above locations (please indicate 
whether measurements are in inches or centimetres, pounds or kilograms)? 
Length Weight 
Thank you for your cooperation. 
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Appendix 4. Species recorded at each site in the survey of southern NSW and the ACT. 
SITE SITE NAME SPECIES RECORDED 
NO. 
1 MURRUMBIDGEE RIVER AT COOMA PUMP HOLE Macquaria australasica, 
Oncorhynchus mykiss, Salmo trutta 
2 GOODRADIGBEE RIVER BELOW POCKETS HUT Oncorhynchus mykiss 
3 GOODRADIGBEE RIVER AT BRINDABELLA Salmo trutta 
4 GOODRADIGBEE RIVER ABOVE BRINDABELLA BRIDGE Oncorhynchus mykiss, Salmo trutta 
5 BRAMINACK Oncorhynchus mykiss 
6 MOUNTAIN CK AT DOCTORS FLAT RD Gadopsis bispinosus, Oncorhynchus 
my kiss 
7 SWAMP CK OFF DOCTORS FLAT RD Galaxias olidus, Oncorhynchus 
mykiss 
8 GOODRADIGBEE RIVER AT ROADS END Oncorhynchus mykiss, Salmo trutta 
9 EMU FLAT CK AT BARNETTS RD XING Oncorhynchus mykiss 
10 EMU FLAT CK AT KELLS HUT Gadopsis bispinosus, Oncorhynchus 
mykiss, Salmo trutta 
11 GOOBARRAGANDRA RIVER AT EMU FLAT FIRE TRAIL Gadopsis bispinosus, Oncorhynchus 
XING mykiss, Salmo trutta 
12 MICALONG CK ABOVE MICALONG SWAMP Oncorhynchus mykiss 
13 BOMBOWLEE CK AT BOMBOWLEE CK RD XING Galaxias olidus 
14 GOOBARRAGANDRA RIVER AT THOMAS BOYD Gadopsis bispinosus, Oncorhynchus 
TRACKHEAD my kiss 
15 TUMBARUMBA CK AT UNION JACK RD XING Salmo trutta 
16 TUMBARUMBA CK AT TUMBARUMBA TENNIS COURTS Salmo trutta 
17 MANNUS CK AT GLENROY HISTORIC RESERVE northern Gadopsis marmoratus, 
Galaxias olidus, Oncorhynchus 
mykiss, Salmo trutta, Gambusia 
holbrooki 
18 BURRA CK AT BURRA BRIDGE Oncorhynchus mykiss 
19 P ADDYS RIVER ABOVE P ADDYS RIVER FALLS Oncorhynchus mykiss 
20 OBERNE CK 5KM EAST OF WESTBROOK Oncorhynchus mykiss, Cyprinus 
carpio 
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Appendix 4 continued Species recorded at each site in the survey of southern NSW 
and the ACT. 
SITE SITE NAME SPECIES RECORDED 
NO. 
21 OBERNE CK AT JANEY HARVEY BRIDGE northern Gadopsis marmoratus, 
Cyprinus carpio, Percajluviatilis 
22 COTTER RIVER ABOVE COTTER HOTEL Salmo trutta, Misgurnus 
angui/licaudatus, Carassius auratus, 
Gambusia holbrooki 
23 TIDBINBILLA RIVER AT W ALLAROO FOOTBRIDGE Oncorhynchus mykiss, Salmo trutta 
24 TIDBINBILLA RIVER AT P ADDYS RIVER JUNCTION Galaxias olidus, Oncorhynchus 
mykiss, Salmo trutta 
25 IRON POT CK AT BERRIDALE-JINDABYNE RD XING Carassius auratus 
26 SPENCERS CK BELOW CHARLOTTES PASS Salmo trutta 
27 BETTS CK AT CHARLOTTES PASS RD XING Salmo trutta 
28 PERISHER CK OFF GUTHEGA RD Salmo trutta 
29 SNOWY RIVER AT GUTHEGA POWER STATION Salmo trutta 
30 MUNY ANG RIVER AT SCHLINKS PASS RD XING Oncorhynchus mykiss 
31 DICKY COOPER CK AT BRIDGE BELOW SCHLINKS Salmo trutta 
32 GEEHI RIVER AT BRIDGE ABOVE GEEHI DAM Galaxias brevipinnis, Oncorhynchus 
mykiss, Salmo trutta 
33 MIDDLE CK ABOVE WEIR BELOW GEEHI DAM Oncorhynchus mykiss 
34 GEEHI RIVER AT RD XING BELOW SULLIVANS SPUR Oncorhynchus mykiss 
35 GEEHI RIVER AT READS FLAT Gadopsis bispinosus, Salmo trutta 
36 MORRAY RIVER AT TOM GROGGIN Gadopsis bispinosus, Galaxias 
brevipinnis, Salmo trutta 
37 LEATHER BARRELL CK AT ALPINE WAY XING Oncorhynchus mykiss 
38 LITTLE THREDBO RIVER AT ALPINE WAY XING Oncorhynchus mykiss, Salmo trutta 
39 THREDBO RIVER AT NGARIGO CAMPGROUND Oncorhynchus mykiss, Salmo trutta 
40 SWAMPY PLAINS RIVER AT ALPINE WAY XING Gadopsis bispinosus, Galaxias 
olidus, Salmo trutta 
41 BOGONG CK AT ALPINE WAY XING Oncorhynchus mykiss, Salmo trutta 
42 BOGONG CK AT GEEHI WALLS FIRE TRAIL XING Gadopsis bispinosus, Oncorhynchus 
mykiss, Salmo trutta 
43 BACK CK AT GEEHI WALLS FIRE TRAIL XING Oncorhynchus mykiss 
44 TOOMA RIVER AT KOSCIUSKO PARK BOUNDARY Gadopsis bispinosus, Salmo trutta 
45 YELLOW BOG CK AT TOOMA RIVER FIRE TRAIL XING Gadopsis bispinosus, Oncorhynchus 
mykiss, Salmo trutta 
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Appendix 4 continued Species recorded in the survey of southern NSW and the 
ACT 
SITE SITE NAME SPECIES RECORDED 
NO. 
46 TOOMA RIVER AT POWERLINE RD XING Oncorhynchus mykiss 
47 UNNAMED CK AT TOOMA R JUNCTION-POWERLINE RD Galaxias brevipinnis 
48 YELLOWBOG CK AT POWERLINE RD XING Oncorhynchus mykiss 
49 THREE MILE DAM AT WALL Salmo trutta, Gambusia holbrooki 
50 EUCUMBENE RIVER AT KIANDRA XING Oncorhynchus mykiss, Salmo trutta 
51 MURRUMBIDGEE RIVER AT BOLARO Galaxias olidus, Oncorhynchus 
mykiss, Salmo trutta 
52 ADELONG CK AT HUME HWY XING Carassius auratus, Gambusia 
holbrooki 
53 ADELONG CK AT GRAHAMSTOWN Gambusia holbrooki, Cyprinus 
carpio 
54 ADELONG CK AT SHARPS CK RD XING Oncorhynchus mykiss 
55 PADDYS RIVER AT TUMBARUMBA-TINTALDRA RD Oncorhynchus mykiss 
56 MURRAY RIVER AT TINT ALDRA BRIDGE Maccullochella macquarinsis, 
Retropinna semoni, Salmo trutta, 
Cyprinus carpio, Perea jluviatilis 
57 MURRAY RIVER ABOVE TINTALDRA Gadopsis bispinosus, Galaxias 
brevipinnis, Galaxias rostratus, 
Retropinna semoni, Salmo trutta, 
Perea jluviatilis 
58 MANNUS CK AT TUMBARUMBA-TINTALDRA RD XING Cyprinus carpio, Perea jluviatilis 
59 TUMBARUMBA CK AT RD XING AT TOOMA Gadopsis bispinosus, Salmo trutta 
60 MOUNTAIN CK AT WEE JASPER RD XING Galaxias olidus, Oncorhynchus 
mykiss, Misgurnus anguillicaudatus 
61 WEE JASPER CK AT BILLY GRACE RESERVE Galaxias olidus, Oncorhynchus 
mykiss, Salmo trutta, Perea 
ifluviatilis 
62 MICALONG CK BELOW MICALONG CK RESERVE Oncorhynchus mykiss, Salmo trutta, 
Perea jluviatilis 
63 OLD YAOUK CK NEAR JUNCTION WITH BOOGONG CK Salmo trutta 
64 MURRUMBIDGEE RIVER AT Y AOUK BRIDGE Galaxias olidus, Oncorhynchus 
mykiss, Salmo trutta 
65 MURRUMBIDGEE RIVER AT STUARTFIELD FORD Galaxias olidus, Oncorhynchus 
mykiss, Salmo trutta 
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Appendix 4 continued Species recorded at each site in the survey of southern NSW 
and the ACT 
SITE SITE NAME SPECIES RECORDED 
NO. 
66 YAOUK. CK AT SHANNONS FLAT RD XING Salmo trutta 
67 PADDYS RIVER AT FORD Galaxias olidus, Oncorhynchus 
mykiss, Misgurnus anguillicaudatus 
68 MURRUMBIDGEE RIVER AT END OF McCARTHY RD Cyprinus carpio, Carassius auratus, 
Perea jluviatilis, Misgurnus 
anguillicaudatus 
69 MURRUMBIDGEE RIVER AT COTTER BRIDGE Gambusia holbrooki, Misgurnus 
anguillicaudatus 
70 MOLONGLO RIVER ABOVE CAPTAINS FLAT Oncorhynchus mykiss, Salmo trutta 
71 MOLONGLO RIVER BELOW WHISKERS CREEK Galaxias olidus, Salmo trutta 
72 MICALONG CK AT MICALONG CK RESERVE Gadopsis bispinosus, Oncorhynchus 
mykiss, Salmo trutta 
73 WULLWYE CK AT TOP CROSSING EAST OF BERRIDALE Galaxias olidus, Anguilla australis 
74 WULLWYE CK AT BOTTOM CROSSING Anguilla australis, Salmo trutta 
75 SNOWY RIVER BELOW DALGETTY Anguilla australis, Salmo trutta, 
carassius auratus 
76 McLAUGHLIN RIVER AT DALGETTY -BOMBALA RD XING Galaxias olidus, Anguilla australis, 
Salmo trutta 
77 WOOLSHED CK AT BOMBALA-DELEGATE RD XING Anguilla australis 
78 DELEGATE RIVER AT NSW/VIC BORDER southern Gadopsis marmoratus, 
Salmo trutta 
79 BENDOC RIVER AT BENDOC NORTH RD XING southern Gadopsis marmoratus, 
Anguilla australis, Salmo trutta, 
Perea jluviati lis 
80 QUEENSBOROUGH RIVER AT CRAIGIE BOG RD XING Anguilla australis, Salmo trutta 
81 CRAIGIE BOG CK OFF QUINBURRA RD Anguilla australis, Salmo trutta 
82 CORROWONG CK AT TOP RD XING Anguilla australis 
83 LITTLE PLAINS RIVER AT BOMBALA-DELEGATE RD Galaxias olidus, Anguilla australis, 
XING Oncorhynchus mykiss, Salmo trutta 
84 TOWNEYS CK NORTH OF JERANGLE Galaxias olidus 
85 LACHLAN RIVER AT GUNNING-CROOKWELL RD XING Galaxias olidus, Cyprinus carpio 
86 REDGROUND CK BELOW CROOKWELL WATER SUPPLY Galaxias olidus, Salmo trutta 
87 CROOKWELL RIVER AT IRON MINERD XING Galaxias olidus, Oncorhynchus 
mykiss, Salmo trutta 
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Appendix 4 continued Species recorded at each site in the survey of southern NSW 
and the ACT 
SITE SITE NAME SPECIES RECORDED 
NO. 
88 REDGROUNG CK AT RD XING ABOVE CROOKWELL Macquaria ambigua, Galaxias 
DAM olidus, Oncorhynchus mykiss, Salmo 
trutta 
89 Y ANDYGUINULA CREEK AT BUNGENDORE RD XING Galaxias olidus, Salmo trutta 
90 MURRUMBIDGEE R. BELOW TANTANGARA Galaxias olidus, Oncorhynchus 
mykiss, Salmo trutta 
91 GULF PLAIN CK AT PEDENS HUT FIRE TRAIL XING Oncorhynchus mykiss, Salmo trutta 
92 MURRUMBIDGEE RIVER AT MURRUMBIDGEE FIRE Galaxias olidus, Oncorhynchus 
TRAIL my kiss 
93 GURRANGORAMBLA CK AT MAIN RD XING Salmo trutta 
94 NUNGAR CK AT TANTANGARA RD XING Salmo trutta 
95 MURRUMBIDGEE RIVER AT PORT PHILLIP FIRE TRAIL Sa/mo trutta 
96 Y ARRAN GO BILLY RIVER BESIDE DEPOT Oncorhynchus mykiss, Salmo trutta 
97 JOUNAMA CK ABOVE SNOWY MTNS HWY XING Gadopsis bispinosus, Oncorhynchus 
mykiss, Salmo trutta 
98 MORRIS CK ABOVE SNOWY MTNS HWY XING Ga/axias olidus, Oncorhynchus 
my kiss 
99 JANEYS CK ABOVE SNOWY MTNS HWY XING Ga/axias olidus, Oncorhynchus 
mykiss, Salmo trutta, Perea 
fluviatilis 
100 LOG CK BELOW SNOWY MTNS HWY XING Oncorhynchus mykiss 
101 McGREGORS CK BELOW SNOWY MTNS HWY XING Oncorhynchus mykiss, Salmo trutta, 
Perea jluviatilis 
102 Y ARRANGOBILLY RIVER AT Y ARRANGOBILL Y CAVES Oncorhynchus mykiss 
103 HOME FLAT CK AT ALBURY-JINGELLIC RD XING Galaxias olidus, Galaxias 
brevipinnis, Hypseleotris klunzingeri, 
Salmo trutta, Percajluviatilis, 
Gambusia holbrooki 
104 HOME FLAT CK AT WOOMARGAMA RD XING Galaxias brevipinnis 
105 SEVEN MILE CK AT JINGELLIC RD XING Hypseleotris klunzingeri, Carassius 
auratus, Perea jluviatilis, Gambusia 
holbrooki 
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Appendix 4 continued Species recorded at each site in the survey of southern NSW 
and the ACT 
SITE SITE NAME SPECIES RECORDED 
NO. 
106 MURRAY RIVER AT KERSHA WS ABOVE TALMALMO Gadopsis bispinosus, Retropinna 
semoni, Hypseleotris klunzingeri, 
Cyprinus carpio, Percajluviatilis, 
Gambusia holbrooki 
107 COPPABELLA CK AT HOLBROOK-JINGELLIC RD XING northern Gadopsis marmoratus, 
Retropinna semoni, Salmo trutta, 
Perea jluviatilis 
108 TUMUT RIVER ABOVE O'HARES PICNIC GROUND Oncorhynchus mykiss, Salmo trutta, 
Perea jluviatilis 
109 OAKY CREEK AT MURRUMBIDGEE RIVER JUNCTION Gambusia holbrooki, Misgurnus 
angui llicaudatus 
110 W ARROO CREEK AT LAKE BURRINJUCK Retropinna semoni, Philypnodon sp. 
1, Gambusia holbrooki, Misgurnus 
anguillicaudatus 
111 MOLONGLO RIVER BELOW MOLONGLO GORGE Galaxias olidus, Salmo trutta, 
Cyprinus carpio, Gambusia 
holbrooki 
112 SALT BOX CREEK AT LAKE BURRINJUCK Philypnodon sp. 1, Gambusia 
holbrooki 
113 ALUM CREEK BELOW GOOD HOPE Philypnodon sp. 1, Cyprinus carpio, 
Carassius auratus, Gambusia 
holbrooki 
114 Y ARRANGOBILLY RIVER AT RAVINE Oncorhynchus mykiss, Salmo trutta 
115 W ALLACES CK AT RAVINE Oncorhynchus mykiss, Salmo trutta 
116 Y ARRANGOBILLY RIVER AT JOUNAMA CK FIRE TRAIL Oncorhynchus mykiss, Sa/mo trutta 
117 NAAS RIVER AT FIRE TRAIL XING Ga/axias olidus, Oncorhynchus 
my kiss, 
118 MOUNTAIN CK AT SA WYERS GULLY RD XING Gadopsis bispinosus, Galaxias 
olidus, Misgurnus anguillicaudatus 
119 PADDYS RIVER AT MURRA YS CORNER Galaxias olidus, Oncorhynchus 
mykiss, Salmo trutta 
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Appendix 5. Length frequency of G. bispinosus 
captured during the home range study. 
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Appendix 6. Number and position of recaptured blackfish in three size classes relative to 
their position of original capture and marking. 
(a) FISH LESS THAN 80 MM TOTAL LENGTH (YOUNG-OF-THE-YEAR) 
NUMBER OF SECTIONS MARKING NUMBER OF SECTIONS 
DOWNSTREAM SECTION UPSTREAM 
7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 TOTAL 
Dec-90 0 0 0 0 0 0 1 2 0 0 1 0 0 0 0 4 
Jan-91 0 0 0 0 0 0 1 4 1 0 0 0 0 0 0 6 
Feb-91 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2 
Mar-91 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
Apr-91 0 0 0 0 0 0 1 32 0 0 0 0 0 0 0 33 
May-91 0 0 0 0 0 1 2 29 2 0 0 0 0 0 0 34 
Nov-91 0 0 0 0 0 2 3 14 2 0 0 0 0 0 0 21 
Dec-91 0 0 0 0 0 1 2 10 1 0 0 0 0 0 0 14 
TOTAL 0 0 0 0 0 4 10 93 7 0 1 0 0 0 0 115 
(b) FISH 81- 120 MM TOTAL LENGTH (YEARLINGS) 
NUMBER OF SECTIONS MARKING NUMBER OF SECTIONS 
DOWNSTREAM SECTION UPSTREAM 
7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 TOTAL 
Dec-90 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
Jan-91 0 0 0 0 0 0 0 7 2 0 1 0 0 0 0 10 
Feb-91 0 0 0 0 0 0 2 11 3 0 0 0 0 0 0 16 
Mar-91 0 0 0 0 0 0 2 13 1 1 0 1 0 0 0 18 
Apr-91 0 0 1 0 0 0 0 6 3 1 0 0 0 0 0 11 
May-91 0 0 0 0 0 0 1 10 1 0 1 0 0 0 0 13 
Nov-91 0 0 0 0 0 0 3 11 0 0 0 0 0 0 0 14 
Dec-91 0 0 0 0 0 0 1 13 3 0 1 0 0 0 0 18 
TOTAL 0 0 1 0 0 0 9 71 13 3 3 1 0 0 0 101 
(c) FISH GREATER THAN 120 MM TOTAL LENGTH (ADULTS) 
NUMBER OF SECTIONS MARKING NUMBER OF SECTIONS 
DOWNSTREAM SECTION UPSTREAM 
7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 TOTAL 
Dec-90 0 0 0 0 0 0 0 6 0 1 0 0 0 0 0 7 
Jan-91 0 1 1 0 0 0 4 25 3 1 1 0 0 0 0 36 
Feb-91 0 0 1 0 1 2 3 30 2 0 0 0 0 0 0 39 
Mar-91 0 0 1 0 0 1 4 19 4 0 1 0 1 0 0 31 
Apr-91 0 0 1 0 0 0 3 16 5 0 0 0 0 0 0 25 
May-91 0 0 0 0 0 2 1 14 3 0 0 0 0 0 0 20 
Nov-91 0 0 0 0 0 0 1 7 1 0 0 0 0 0 0 9 
Dec-91 0 0 1 0 0 0 1 7 3 1 1 0 0 0 0 14 
TOTAL 0 1 5 0 1 5 17 124 21 3 3 0 1 0 0 181 
GRAND 0 1 6 0 1 9 36 288 41 6 7 1 1 0 0 397 
TOTAL 
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Appendix 7. Plot of the the length-fecundity relationship for G. bispinosus. 
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